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This report cOeMrs the 30=4-0M Weapon Nasibi2itV Study corducted

Un'dcv Contr-Act, Di.0eaPa05rd-459. As a result of the study it is shown that'

It Is frasible to meet or eted the 1d. probabilities required at the specified

cmlbct caditions with a 37 pun based on the open-c•haber principle.

The Mjort In diridet into Seven OcctioMs as followsat

Seatin I cve the escription of the waqpon principle that is proposed

by this autmetcr as WU as the historical data regarding, a limited ne"rimental

f-irig progr codutetd to prove the feasibility of the approach.

Soe-ion 2 conuiders certain other weapons prtnciples as they apply to

this study.

Bastion) is concerned with the design considerations that demonstraAa

ste ftauibilif of adapting te oetn-cha -r gun principle to a 37m gun having•

a rate of fire of 10#800 ounds per mndi•t witbin a weight of 50 pounds.

Section 4 treats the interior ballistics of tris system and shows that a

Wale velocity of 3000 feet per second can. be obtained with a maxfmw pressure

of 38,000 pounds per square inch.

Section 5 coven the exterior ballistics of the 37= maL type round and

shows that proper Cvroscopic stability is obtained at sea level conditions,

'action6 covers the kill probability c=utatione under the tpecfied

combat conditions. It also ives results of computations based on varied dis-

persion and firing time parameters. tt is sho that this system attains con-

sidez•Mly h)ter kill probabilities at 2000 yards futire range than the objective

specified.
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WS"

s T his" atd has asm ito obhecgtver th attaipaent f the foflo erw scond

The bokber targt speed to 811 feet per second. The ftutre rnop is assumet

to !a M00yards.

Three Combat Condttions are spedifiedt
No. 1 ~o Pursuit course attack against bomber -- JP , w0459
Me. ts-ePursitCommrsattack aguinstfigflgr~- N a 0.26

No. 3 ~.Collision comse attack against bomter J$S off tail

0.5 salvo

.0.,6 rApplsS

fte abov kMU probabilities pre to be met with asysism v~tae nightt

does not exceed 200 pounds exclusive ottlire contraol The tbw. of burst is

Unmited to 1.0 secon maflas.

The 37=. open -chemter sun ad wsustttcn, proposed as a solution to the

lone ramp, )d.t kill probability problem, has been selected. br this contractor
after considerable st;dy of other weapons system.

(-a bar to thes development of an ultre-high firing rate neapon has be"t

removed by acftualy firing 20mwnaiunition in a C=n antairdn4 a disoontisutty

in tt, chaster wall. This proven that it Is possible too load sumutltion tins,-

voegrs. thous lmIsatine reciprocating -at sad inhernt mechanical tim diasys.

'cp"w No. M-17- fl-f



Th w*aon system propse3 n •h rp ort oSXet the objective kil. W -.

probability rsquirveents within the specified ILijitatione of might and firing

TM kil probabilities attained for the thre specified Otaubat Conditto"s ~

at M00 yards Mura rangew ar as fdflovo:

N*. 1- (Fl er to bomber pursuit) - x- .0.72 .1

ft, 2n (Fighter to fighter pursuit) - ?12 0.,%

No. 3 -e(Fighter t.- bomber coilicion) en t3 m 0fl

It has been concl•Wed that thin wwao system l n itslf to simplifiedI

fir contro since it is possible to obtain high k1ll probabilities on a pursuit

ew'm attack as well as a head-on approach. In the latter cane vpning fire

say take place beyond 5300 yards range, mi•staixin the danger of collision.

1.
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SECT=w I

HTIMICAIL asWU

The opeac-hamber principle is based on a rMethod hbp which it in pest Mle

to elinate axial trnflatign of Mawa1tion it a ga chamer. It is a systew

vhenwb a9 round Of aenitiec is moved tnansversely rather than longittdidaltly

Into a firihn chamber. This firing chamber is formed by two or more nemben

which mo*e traversely at the rroper time to eontain the round of sAuntiton

rt'tr to firins.

This prineiple may be applti' to gun of superior ballistic perform•ace.

It it Import6at thAt the essential differences be noted between the high pressure

owpa ehamber r= and those meanisms employW, transvem loadirt of a•mmition

using a r'~nnd in which the cartridge case serme as a cbaitber. The T-131 boasted
racket, for example, tiring in the T-110 launcher, is in the latter category

atd is not considered an open-chamber gun within the meaning of this utuv.

The ad•antaree of a Cun system based on this principle are due to the

fact that movement of ammunttion and gun parts is reduced to a minima with

consoQient reduction of accelerations and forces. Automatic wsanone are stIap-

fied by the elimination of reeiprocating parts such as raming and ejection

devicvr, and as a result extreely hi• tiring ratos may be achieved.

frrtousDesigns Mand eimaetal Work

Awliestions of tha open-chamber principle have been tried in tha past

by various pag designmrs but the reoulta have been uniformly disappointing. As

far a is kara, afl previoms apWo*ch to this desip primiple have made u .x

-':4



Ccartridge c'"n of etrc'flrtr orentt zecttun*

One of tes*e previous eixtriwnttl deuirri consisted of two sprocketed

drwm that formd a ehpAr ati their Junction around a circular etnrtridre case.

A series of came an" looks wlu required to moe around the periphery of each

sproeket in order to form the chmber and in order to pomit relttivo movement

between the spraokets and to avoid moving sprocket centers. In order to test

this basic delng, the sproeket chamber vat simulated by moas of closely fitted

cyindrical hazlf-blocks that surrounded the cartridge case. These half-blocks

vn Inaerted into a heawy-walled tube with practically ero clearance. Upon -

"firing, the eartrifde ease ruptured longitudinoally at the seaes fened by the

halt-blocks. The remults of this test indicated that it ms impractical to mvt-.

tain : cartride case intact uten fired under high presstre in a disoontinusu

cbmtrP.r imd it seemed acparmnt that a circumferentiafly continumas chamber, wAl

was assesway to prevent longitudinal iuptttrinr of the cartridge ease. The".

fore, itt wee concladed that a transversely loadinag high-performacce C" "M- i
impractical, if not •I,• ssible, to a•hieve in practice.

It is intereatirg to note that the Union forces considered the Use of a [~
tranven*l loa"ed gun in the Civil War period. This was known as the AgeS

Cofe Mill Q=# invented b7 Wilson Ager. It was made in .58 caliber s&te and

va desiged for & firing rate of 120 rounds per tinute. Oenericafy, however, #I

tt could not be considered an open-chatber weapon, since each cartrtdr cae

cosisted of a heaw lled ecylimr vhi•h, in offt.t nerved as a tiring chamter.

In this respect it was similar to the T-131 rocket casoe. A Nil deoeriplton

(Rerfensee 1) of th4s g is ivew in Volume 1, Chapter 2, of 'The Machine ne

by Gsome N. hime, Lt Col, U• .

1-2 Rieport No. oY-lfi-v i



Non-Circular Cartrb'b a 'Then-Cnsnber 2u
Since experimental evidene indicated t.vt the onan-chambor -rinciple

wRa laortctical for sate uith a circular cartridge cosel, it was decided to in-

vestigate the possibility of use of soma form of cartridr.e crosm-seetion other

than eircular. The first degipr study, as far as we knw-, of a proposed Vin of

this tvpe resulted in the arranement shomn in Figire 1-1 (Drawine No. 790030)

datd 28 September 1951.

A non-circular cartridre case, which can be indexedl permits controlled

reinforcemeft at the lines of chsrbtr discontinuity. A thia-valled nom-cireular

cylinder tends to aerume a circular section under Internal pressure before I
rupturing, the elasticity of the material detemintln the degree of awroach

towfl a circular section. It was reasoned that if the non-eircular cartridge

can were made of a fairly elastic material, and if it were supported an all.

sides, a considerable amount of breech doeflection could be tolerated vithout

-causing loenitudinal tearing of the case. furthermore, it was reasoned that

since the case would be indexed within the chater in certain fixed positions#

it wauld be possitle to reinforce the unsupported corners at the Joints, ad.

twe ••ent extrusion of the corners into these gas. This would be impraotical

in a circular case bscause there is no simple way of indexing it iLt fired posi.

tions without adding exterior protrusions and bringing about other complications,

The baic gun desien, as shown in Drawing No. 790030, uses a rotary drm

tihieh has one or mtere longitudinal recesses on its weripery. As each reces

Passes the atationary br*ech, the firing chamber is formed by the rotary drum

and the breech. The round of asunition, also sham on Drawing No. 790030, is

shaped to ecnform to the chraber formed by the longitudinal reeess in the drM

Report We. Aah1 14
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-- sntbt breech. 1th- care zjwaoua tWe rcet&h is approximately somi-cirenlsr

in cross section, althouH- it xW be of any convenient outer shape such as a

trisagle, rectangle, *et. It is also seen that the corrs are reinforced to

pztvflt extrusion of ca.e material into the Cape formed when Cur. paits deflect

under MAd pressure

An Importan elemet of the cartridge case design is the internal COlinfd.

drical sleete used te hold the projectile. The sleeve and its frot conneting

flange ftor an obturatinr seal against the rear face of th* barrel. Thus it

sy be sum that a ecmpletely obturated Vu chuetd is ci•ined by the cartridge

case within the recess fzrmed by the drm and braeeh.

The ttn is loaded by insertiAg the a umttto* tram me side transaenely

into the duu recess. The drum then rotates twtil the awntian is supportod

lenoztudtuily by the stati.onary breech, at which point it is fired. The drum

eontiness its rotation and the fired cartridge case is ejected transversely on ,

the opposit de. ais

U&s this basic •rinciple, a large number of different gun confiuratto j
a possible. For evarule, the Vn may be provided with me or more stationary

barrels attached to the breech, the rnnber of barrels beinr determined by the

desired nuber of firinr positions. in this case, the drum indexes Int t• ei.ng

position opposite the barrel, or barrels, and remains stationary while the

projectile is fired. Another possibility employs roary barrels attached to

the drum oppoite each lonCitudinal raeees. In this case, firinr takes place j
as soon as the sammnition is covered by the statinary breech and it is unneces-

way to hold the drum and barrels at rest during flrine sine# they are in align- J
ment at all tims. The breech would be made wide meno to keep the case covered

1-4 Re rt No. .ril7n
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ur-iram ti rioA q? h0rh rz"' . Týe -a. ri

be Meaved with an anti-frictton com~poundf ~mch Ax Teflon, tm' rdnltmi h the hirh

friction leads that would othenrise be encoinncred. With thu' nvrtfo-i It v-P"-rr

Poesible to attain extrem~ely higt trirtn ratný with multiple. barreled l(ll71

Present studies Indicate the Ic'slibtlity or rnAtes or flrc- Lm oes~t nri 7('16

round*s ner minute with gins orf 3Ck= or even h~irur caliber.

Panyr actnatimr means miay be *-ipid to rotate the drim or drum-and-barrel -

assembly. It is possible to 'oa rtch rover 6,iies as gun yas, recoil, external.

electric, hydraulic or 49 tbirbine mcotors, etc. The elimination of anyr major

reciprocating partt brtny, abot the possLbility of "sing verv simple drives

.-.vh flrr variation oaf motive power. ,

A major advantage of the positively indered round lies in the possibility

of using pro-engraved rotatinr bands in *.der to eliminate engravin, stresses

and prolong barrel life. Proper indezing of pre-engraved retatin. bands is

d•t•icult to achieve in a high rate of fIre weapon with circ'ul.ir cases,

In order to prove the basic tfea ibility of the open-chamber principle# a

test chamber and two cartridre cases were fabricated in May V5S2. One of the

cases, ith the disassembled test chamber, is shon in Figures 1-2 and 1e). ,

The two #ases were machined fom solid bar stock, one bei made ot SAE 1020

steol; the other of half-hard comercial brass. End caps equipped with maU -4.

vent holes were provided for each o•e to per•it the escane of powder gues,

Provision vea mate for the in-rt-•n of a proesere gage at one end of the teat
brwcti to ^*&#wre the internal presrire gae~rated by the hirning of the powder,

Rncrt I.09e147t 11*
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Pirircs 1-4~ and 1-5 sheit the t v 'ne4iin the t~r C450,, cAs nd

"prarme gage. Figzne 1.6 shows the assaubty of' the electric f iri -rM lead that ¶

connects to an eleetric squib located within the case.

The initial ttrinr tests, with the equipment desetrhaud, took "lace onI

2 September 1953. The cases were loaded w~ith seven to eight rrkmr of THR 69621

pcmder rewmad ftuw 2Crqm anernitton, The care volume wms 26.9 cubic cent~maetes.,

TMe preswe recorded in both the steel art brass cases was approxiinatdl6y $5,00o

psi. A sttbseqttent examination of the cares revealed no fatlur. of any sort,

Fisures 1-7 and I-E show the brats cite after firing. L
It is believed thnt these tests represent the first suecfual firiLn8

at hivrh pressure etf a cnrtrtdre case within a discontinuous twtmbor* On the -

basis of the rerlts it was decided Lhatl cnntinued development and tests,# with

atest ran, were warranted. --- r'

In order to determine how the interior ballirtics of nn open-heambur

type gun woild compare with the ballistics of' conventional weapons,, a test cun=

and special anwwnit ion were made. No attem?4t 435 made to deal pa an optimum gun

in this instainep but m#%erely to fabricate a tiring chatter fittad with barrel1

and capable of firing a hirh-pre~sure round of aionutitton without failure.

The gp- is shown in Firmire 1-.9, Drwivng no. 770610,, It consists of a3

rectanrlar breecfh (ai~mllrtr to the one uised in the original static tirtnM text)$,-

at sliing block containing A triaairultir lonvtiodinal recess, and a sttandard I*

20mm bar"-.1 The barrel was mndifted by c-tatinr off the portion containingi th'

origirAl chwbor And threadit'4 the' rvir end to fit tht rcatqnj,,vtr breech, Sim*e

t~he upper blhck s-irface wtt* c'-vvod to 4~milntc the rhaoc or nn open-chamber

1-12 Repot No. 09-107-D
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drwa,• sat auxtflar bloc3 was mae t4 fit over it, eowrinr the top of te round

so that the etire aswb could be made to slide in andwit of the noctangular

brreirft recess. A conventioaul recoil adapter and a modified 2OPA crIAle were

U8dt 3UOr t rn twa On-*frig *"Adt.

Fi un tw10 hcw the nttn Fr #ne*ly red for trAiig. TNo different

typs of pressre gPMes wno u6 SfMrtneouMMy to aSertain the Mximw Pres-

rsre. Te cm Own in Figure 1-10 it the sme as the one used fer the original

opwtenehnber static ftririt test and is known as the Thtishauaer type. Fivre

1-11 satn- this rape aseA-4led in place. A copper crusher t•pe goa was used

on the opposite (r•fht) side of the mun (show in Figure 1-12). Coper eylinden

and a Thrage table were obtained from Franiford Arsenal.

?iPmrs 1-13 and 1-24 show the asembled anM diaaM•led roud of ammuni-

tion, repectively. The anuntioai is of the telescope t.vpe with the projectil

entirely within the cartridge case at- follow the basic desig used for *.he

special nsnt designated as Design g1o. 4s (Reference 2).

The trisuigulareehaped rounds had the following charseteristious

Case materal - SAE 1020 Steel

l.eeve material - soft copper

Pro•jstle ! -M, 2000 grwirs. Rear roating bad ohaa•t•d•

VOlume of mase - 3140 cubic imhes (58 cubie cmntisetern)

Propellsnt - L2.Is5 grow D3R 6962

loading density -a 0.73

Report fl.et9lc,-b-grai5
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CONF'•,ffUff' •t

The projectile was held at ts e rear h- the brater nojectile cupport. WWItI -

a crim to the projectile crimping t groov, to stslate the eeordition obtaivned

with a convetional csrtrdps case, The front end cap, which earried the cylin-

drical front suport for the projectile, wes brae to the cartridge cas• . ?&

rear cap was cesented in placo and contained a thin ttn-e that provided obtto

ration byy expanding under pressure against the interier of the enter ease.

The irst firig took plac an 2$ Novet*er 1953. Only ome shot was fired

and the instrumental velocity of the projectile was 2620 feet per second, which

corresponds closely to the predicted velocity of 2600 feet per seond for th

knon loading conditions. A presureetin anner which indicated normal interior

btflistitea, wes obtained with the Rutishmuser gage. Stu~v of the p ressurs gage

readings Indicated A msxinA% chamber press'3re of ap-troxlnatfly LO,030 psi. The

cartridge ease shoved no evidence of rupture, either in a longitudinal or a

transverse direction. The front cylindrical projectile capport was , I'

awnarentty *ae to excessive rotating VTh"1 interferonce.

Afttr tiring it was determir~ed - ta the cartridge cose h8d a perancne,,

diametral deformatton of 0.016 to 0.018 inch. Since the ortginal clerance

ewtwman reatrer and breech was approximately 0.012 inch, this nrea lted in a

tight assemtly after firing. Considerable force was rtauLred to separate the

s~hilag block asembly tromt the breech due to this interference condition. The

gun parts showed no permanent set alter firing and showed no indication of

local overestress conditions.

Righesped motion picture. taken during the firing teat etowe,! ~-d

ebturation it the front and m7rs little gas l1eakgag at the rear. Thir- aUrht

Weort )No* 09e16leD
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ty leakage coultd hMVO oteo'arnd thrc-irh the primer pluv threacht or. around thr,

flange -of the rer end cap.

It is Interesting to note that, as far as is known, this falh the first
shot e*er fi•ed withott case fatilure inder hlsj-presaman conditions from a gun

having a ereumferential discontinuity in the chanber VAI.

Th, test also showed the desirabif-ity of having a case material vith a

KWgh degre of elasticity so that it can return to it. original shape and so-

.ljainate post-firing trtction loa4s. This is not as important in an application r
when thene is ceontinuou4 moveytnt. of the case relative to the breech, sich as

the retary barrel open-chamber designs. In this cases friction loade are -mini-

miz2d b7 use of Teflon or other anti-Friction coate, and the dynami friction

is smeahat less than the static friction between the same materials,

The second firing test was condtcted on 16 December 1953 using the oar-

tNr4d case that was fired in the fir._tes4t. This case was remechined to thir

original dimrnsions, giving it a thinner vail than previusluW. ,A nen font " L

:ylindrical st'psort was made, and the bind inter.erence conditic'. was aleviated

by an improved de3ien of the copner .eetv.,. The tame powder charge was used

(42.A5 gams) with a better ponader dist,rthution at the rear by nse of a com.,

pressed paper filler around the nose bushing. The original ease-breech clearane

of 0.012 inch uo reduced to approximately 0.00? inch. No velocityi measuremnt

waf• fht,0ned doi t- Cailore of cthe rýcordtnPr atin'ratus, The indicated maximau

•,ressure was agaln annroxinately h0,000 psi.

The lateral static force required to separate the block assembly in ,his

rl'-f was abot one-ha. ' of that reqtired i. the first test. Diametral per.'

entut "A. s • lon of the c-irtr!Are came occurred. The front, -rnd cap, cylindrical

S--2•2 ui-Port i'o+ 0.-laLs-D
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NOW.

suppofrt •se andy were sndafaed. The rear end cap was split longitudinalyt.

possiby bectwtse of ercwssire erpansion in the fir#. firing test and subsequent

faflura since the material wits in a pno-stri~ssed condition.

H.he-spnsi motion pJ et.ures taken &iring the second firn test indicated

mote gas leakeire than in the first test due to a so-ewhat different assembly

condition. in this case, the front end cap was not brazed to the cartridge case

-- but--a"itrT a light push fit within it. Hence the case expanded around the

and cap permitting A gap to form and gas to escape, As in the case of the first

"teat, the gun parts showed no permanent defrarmatton,

A third firing test was conducted on 13 January 1954 using an a½.uAmn'

cartridge case of 75-T composition. This material has a high elastic siwdt

but ve*ry little elongation, and it was anticipated that the case might fail

undr emroaive deflection. Upon ftiring the case failed longitudinally in two

places, permitting a Cas leakage and -qnsequent. srosion .or the ba'beh part4.

ltil• twies of tests indicate that it is mor im4rtant that the case material

possess a high elongation rather than a high yield point#

For this third test the charc consisted of h2.8 gram of M 696 poewder

with. a case volume of 59 cubic centimeters. The recorded instrumental velocity

was 2330 test per second. The maximum pressure recorded was approximately

3,4OCO psi. Very little force mas required to separate the block assembly frm

the br-ch after firing.

It is apareet that an intmenivo progm of materials rosearch and develop.

Ment would be highly desirable for application to cartridge cases for op.Ut

chaber gumn. This shomld include investigation of non-metallic materials such

Report to. -? 1-243
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as ftberglae and lnminaerd phenolier1 Os well as combustible mAteriah,, such
ft flitnrefl01ulose. to the care of the latter, various obturating means utwat

be investieated.

1. eorge M4. thims, Lt Coll, VISI't "The raohinm Gun," Buresmu of Ordnane, J
Departrient of the ?tavy, 1951,

2. Htughes Afroraft Coispany Recort No. 09-160ev, "30wm Aircraft Gym T154,," I
Contract DA'.W4s9S-Ort 415m, np 9-15a Drawing Ko. 7704a08.
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ZUTESTIOML0E 0W 3U5UCA* VAPOMS ?I=CZL

In =W~ to meet the beta rom ats od the 30M to1 71St aOapoa 31Ai4,

it ts necessary to oaslier only systau tbnt, equal or n4eet the specifled

minma illprobabilitias under the specaie ond itim*a Fcflier, the weight

Of. tie mapon end mnivtion out not exns" 2000 pounds.

ag stated jretiously, the miulsu kiLl probabitlts are 0.59 &ad 0.26

against a baster sand tighter reospett"Yal on a pcrsutt cous Attuc*, aW 0.62

a&plnt £ tusber an 4 eofluhior caure bf Oft tht tail Time kil pa&obatUtte

must be achiand at a MGMw rag of -,A= ye*ft, which is defined as the dista~ee

betwee t-h attacker and target at the *went of projeotl3* ImPact. hWeset

rasp Is defined &a the diataiw betiaduf*i attacker Ian targt when the PMro$-

tile is launched or fired., It is obvious that, in the caSe of the fighter

target, em targets of eqlual speeds, present WAn future ranow are ideniticl.

The combat conditios are aenmd. at 20,000 feet altitude. The bater

targt speed Is On feet per second while the speeds of tie attecker and the

tightff target are "ssent to be equal at 3Ji0 teet per aScent.

Tlr %&dima kil robWabities have bean comete by the Bali~stic Researc

ebontoal tfr theb fOllowin condition.,

l*ster of projeoti3*5 firW4 ed .. eeeeee~m.e 200

tcplostvs content per projectilU* ....... 1.0 lb TNT

Weight of uwojeotile bEe4*t*#tt*to~4~50l

Repert No. 09-487-) 24 I
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TIme of filiht to ".4et at '2000 yruds
future rang.*4s**sue.ses.het 2.0 seconds

Tiam to h"r an pernit, emws attack ... 0.second.

Tbwl t@ fire on COU4*1O CommS attackaa4S4 043 ScoondJ

54W of tbe ahev pertetars could my7 proldd thint the relativet striking

nelocity.ofthe pnjeottl~eneeomdslkOfeet per ",ond toensue proper fun I
frzwttctng.

ThetIAt Una xast, ehold4toa anxinaofl1.0 &*ond Inmordrto anet

wettinaw brought about by targat of opportwutV awd to meet axdas svia l 1.
probability against a botiber carrying effective defensive ana~t.

The woapona system apecittctiona, including mautitioc but not five I
Contral .wiiunt, an as foflovas1

TANS 2-1

flU fatimM Limits

Waight *e.......e~~e~asa 20M pouids

Length s.a.ee** .e0*e4et o eeltes t0W bS Si

Tn saittons, no external stores an permitted, nxoe$ for netmtableI:

lashetr pods similar to the wne an the1 0 FM&

Zn considering the pousible wariatioas of the outlined pmjeotUle and -

weaonpamatre i vs thlld at extremely high firing ratee vonli be

reuredd in Sdttton to rein tivwI short Una a offIght.
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Tho tm of flight ot 2.*0 seconds means air travel of 8800 teet after -I

launching or tiristg, baton impact,# at 200D yards futue range The avenage

"vetvoty of 4waC fe't n~r Second would be difficult to obtain by me&=s of con-'

ventionAl proalwaaa. The reater, it wma clear that an of the other parmeters

Woad reqain6 MUodiftoatie inorder to rlUx the tIMe of fliht requieMenta.

Enw firlm in vm us fixed at a 1.0 secod mats for a pursuit course
attswk, there, w~ra only two significeant parameters left for coemIderattont

beI~iv content,, and stber of projectiles fired,

A study of the vulnerable area cur"es in PML Note, 807 show that a
fighter targot requires a mniaa oft 0.6 paund of TIT o= a pursuit atte*t.

3somA ftit, no prpose would be sewed by increasivg the H.C. content since

condition of "foowrtll woni4 be obtained.,

The wv4nerabtity cunes for the bomber target show that the vukarabbe

are Is nwt Useor with U~s. content of tbp pmrojetile In thn range outed

Theefwose it sam concluded that it would be anet advatageci to incease&

the umber of pro jectilee finod, and doe"reas the Hot* content, in order to

Thu fofloviag modified Wsystm characteristics were et up as &tint i
appwmainto toward a solution,

HI. content (imianu Twr equivalent) .......... 0o50 pound

Time of flight to 2000 yards
*en.....s........ 2,5 to 3.0 "condo4

RepMrt Nto. 09-187-0 2'.3



toga OA ltftV emU t&$LiWaWtR4 
4

3 A e'a~ by naokwt moteso ma

&~ ~~q t.Ukt. *bit no 3i 6=0jcwc or tintd ot at a gm v2 bW mfA4t

mJ*3,gatsatY tAWt Us tacnWedoa Mgh~r terminal W16OctV

ILef --%~i* bivig to at wtawl rocket pwsr.s

nedba iy -t Wxittif ntdlets stmnd that the dCSible sine woldI
b. in the 14 to:'. mi £±naete deta Tho alnigt of the rocket wae neemd

t be ~tUW~e 6ntj.A btlat nIPU MinTOed tWO oPtimUm si down to
*Pw ~Ia*1 to tabtost.

1* too Oix iAjv thsat *11 rocket int this site iMag vUt Meet the
kAU wobibiliw r'ý,uwtt Wop to iccO yin., it woUld to fltUa324 i*WMpasbl

to in~t the osWit 'm -X 0Yens f"WOp reiqe To doe soIt woudA requti" &a
but "loCity Cast** IS it-Af my be aebiend with popellant.I 3mlum to this

bMsEd hE" O.! -a rockets -om~m In thU olin v a3A so - d

to be betas 1-4 i' ad 2.0jZ in &ine. litter tn or spin stability CaWt be A
fluterdw41M tnitne09 mawed vast AL msica snlootty at!of Pwrwisatel Moo g~t
peW sCO.S nSA be .?% *tr

Spin *tbfllttý, y elisintet s# a pot siblity "n tft 14 ImAnchfu
teeinG it waft benvs 4 A4#tjlt9 U not limpeesiqi, to ban a warhead of the-

required NJ.* eate".- se tta s*uainal a lowaugumaiante Matu *wleaft
fOr Prope stabiity. b

Report No, 0918
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Hmeen, a lfn-stabflifldp ynjflcg boosted rocket was cofuidrero aa

poeflbility. It was roasoned that sincei the 2,*7%-iwch T¶131 rocket wei14n

5,2 VottS with 1I0 peitad at explosin. it would to possible to ipbta&a a simiLar

2-Imh rociat tar about 345 pounds with 0.5 Xmwd ot RE. filler. liswvr, ths

bumt nigh weulA not be sly -fluentlY highe than that at the 1$-incLh r&,Octet

and the ex~terir baiiistics would the~fre tonb Inerior, do"s tia ballUti

@offtilout wuld be lowir tr a factor oft d/c % tre 4L is tup dsaster of tVe

14-1mb a2 of tse ;2.0-Sca rocket. This asses that the drsg cnfttoisc

vusd be equal In both tma. The tic-.utsblised rocket, would as, doubt hme a

soaenhat hWghe drag coefficient because of fin resistance.

An~ther reason for coneasidot the 14-Inc rocket is thut lees frontal

amsa wm2A be required far iauach~ig ttubes.

It wee decided that nItittua lenobiag tubes woc~d be preferable to

atatie Iashss,* sties St woud bib quite difficult to achiev the required

fizring raft with the latter. fronower, a fis-stabilisad rocket is fail longI

ma does rAt reqvire macf my m then double its mm length of travel in order to

achiev a asle velocity of approxmately 1000 t"t per secon with an avenge

proeae of 6000 -o~ per squar Inch.

For uispUoity, it my be *seatd that a .6%.fcot tube is used to obtain

10M feet per second mutate velocity., With an average pmos su of 6000 pounds

me squats inch,

F * 6M0 x 1.77? 10,700 poauxv.

lamming tUs rocket weighs 3.25 pouts or has a mass .t 0,10 jslus

epoPrt 90. 09-18740 24 I



t 10#0 2 00935 I~ON4 etpe m

3:That is, the senrag pres=*r of 600o psi imid sufficet to give &4 a',tO

1000 feet prS'cond asse Vlocity.

Ths and== praasir sauMS bo on the order of 10,00o pet.

AMusing an averag ptneure of 6000 pei,* the enrage wafl thickness for
70,000 psi yied point wauld be

An alvuims tube 60 timbs long., with the avenage vanl thicknes stated above,

vmc24 nIgh aflrazmtal3 2.0 pafts.

Awnming a booster propelant wsight Of OS pout and146 foer the rest at
the tube alssebly (end cap, Primser etdthsr" accoseOrie) there would be a
tota sight of 4.0 powids per redA in 3acMhr equflnent exclusive of rstract-

Amatag tin rocket to nito 345 pounds,, the total might woul be

4,0. 34,t or7.5 poads per round.*

The simatica and laumeher l.oad of 20D rouads nlad ngigh approximately

X500 pwosins which would leave a ~nortable *%rgin of milght for pod meobsatam

and stnctn.e

A brif etc* indicate, that the time of flight for the boosted rockt
would be aipproximately 2-4 a"nufs to 2000 yards future rang. This is baswd

* ~upon a drag coefficient, of 0,40 sand a burnt teurmial velocity of e0Ofe e

second, Whic Is arrived at as follows#

2-6 Report No. 09-1874)
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3ntih lO~IWty .......... IWO feet per second

PIS"a spee ......... 1o00feet per second

Rocket assist ....................... feet per secod

Total ........ 5000 feact per second

ht•hf eaeaai¢. s indicates that this configrateon would be capable of

meetizg the kill probability requiremenuts. %.fwewr,* it is possible tha the

drag ceafficient of 0450 is rather optimistic tow a rocket of this si"; this

O?&a.Pi~dfactfles. The proevious rocket anajLsis indicates thbat

projectile of approrilnatly 145 inch*s diameter eerrflzg 040 poand of LB.

wmid tead to appoach optima conditions for mm"in kill probsbi2ftia with

attn= total neight of installation. This psinted to & 3Xw aims proectile.

In contsiderlng methods of firing at loast 200 37= projectiles In 1.0

fume iziluded the ftqurt-gm' or tetti irinniple of firing sennl proajeiss

at am tins out of a single chmrge otainer Tht priciple of firing lugle

tudiasiy stacked projecatilos out of multiple barrl Ina ~talatz mas also

The conclusion was reached that the opesusobamber principle mwa mom

appliashle to this study than other priaciplee as far as guns are conernd

Report so. 094874 2e
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CA~b~r

I m o of.................................

_!t of,• Fi e ............. 100Rw= e -nt

+ •male Velocity ............................. 3,#000 Feet Fo ec" ond• ,

4

Wtight of Prajetei-l ....................................... 1,b35 Pounds

; I

W ight of 'Powder Charp , ..........

-- Z oZtem Q Lk) S So F0ond

O..e of Pod(r .".".t........ - ).... ...... Douala ha.s .. 1`"5 in

r -1



Type of ?rojaci ct.................. ......... -uari)-

Welight of N.m. (M rI-i)...................a..a........a.. 0.h Pouind 7

'ype of Rotating- 3atM .. ~.........~.s*.*.......... ......... PWr.wieytyer dI

Tho genraml coaflgurntionz. of the 37mm Open Chaibar Gun and aswoitionI

am showin in Dnwinz No. 790319 anid in Figure 3-1. This CrM is equipped va4th

four barrels attached to a rotating drwim by interrapted threads or acme other I
qutck-loclding means.* The rotatittg drum has four lonatudlxsul rececees -- oft

apposite each barrel. The st.titionary breech, which provides a front and rear

bearing for thes drumn asteembly, terms a heavy beam structars at the top and3 4
bottom. The beam striuctures (shown in Section A-A of Drusicg N.790319), uithI

the longitudinal dmai recesses, form the fixing chamber. 1
Each mtim the drum and barrel a-scoably rotate oppcu±*e the astationaiy 7

breechj, the nnnition in fired electrically. With th6 combinatiaA @f four

barrels aM two firing positions, eight shots are fired at c'ch revlution of

the drna.'

A bakplatej, which in rigidl~y fastened to ths dais assembly, supports the 1
caftridge cast axially during firneng This plate carries a firing pinaopposite

"each recess that sakes a wipine contact am the firing position is reached. A

fixed camr 64Ached to tit, brch, Parceen the firting pin towazd spinet the3

electria priner at th* proper tin. Since the firing syste is usata WAn of

cownwticisal design, it is not shown on this drainn. *
TUR orS~ is linkud togetThr by coi.Uesibls hing-like flat stripe.

Ther# are two firing positions; t-herofore two belts ihre Led trnnsvceoly, one

342 feport No, 09-187-D
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•eroorr^ %t the front and rear of t•e case. The ejectors are actuated by fimi --d- •

att* tcp-ar4 in theti bre tto. A sna t iecs sucvrtdf

as shm.m, the carridrce care is trianLular in section. Thia shsa re. [,:'

•nud rtanui stonage 'oltwt since two rounds may be stacked so that the b~ases

of the tririqles ave on opposite si•es, Ciereby famine a trapoidol section. :

Nante, theno iould be prkctiCaLly "D waste srpace in a storage box, P'
The foflowtng equatiocn eVnecose the theoretical mimna~ number of rounds

that cotid be stored in a box:.

A

N x wither of rounds

A s cros-sectionl area oQf. "c.,

b a width of base of trlangt-ar case

h a height of trianCular section

This mrber would be redv.aed somewhat by the space required for the 'ulnkin

asstm and by the fact that the rounds have a modified triangular cross section.

The dr and barrel asseibly are rotated by an external pawer source.

Although the horsepower rquir-ments for drivin the astbly are f1i4rl hiCh, "r

the7 can oe;al be .met by a coTact, light-wieiht, short-life gas turbine operat-

tin at high speed. 'The ,naps for tnrtine o0-eration could be furnibhed by car-

triddgen, ro'•ct motorZ or coe similar means. Gun gns might also be used to

sustain an initial rotation started by a uaill power unit. A reduction gear

would Ib used to obtain the requiredx rotational velocity of the un,.

3-4 Rupert go. 09-l87-n j
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Batore tiring, the gm is brought up to speed vithin a short period of

tin (for Em),0.10 to ý0.20 aod). Daring this sontleration Voriodl, tke

sattd~on baits maift StatinaY. Wis fixtag taken plce,* tie firing circut

is onorgitod; einltamous1y a solnoidecpenstad pai forese the first round

aasinut the notatin dna As "as# as drum noee appears opposite the first

rmnud, tUe swaM starts to tAter and is canrted around by the drut to tin firing

position. The roun doesnot have to enter tie nases conpitetly Airm a fined

feeding cam, attacied to the hrech, 1pides the round into tie non.s as it ts
carried cn, by the dr Im.

Since the belt links an collapsed ony am rcun at a tin is sacnlwated

which pracludes )ttg belt loads. Grooves are pzmelded in the dram so that aum=-

rAtica lizks ay pas. through the put without delinking. The collapsed links

Ip

an analogous to the couplings of individual care on a long freight twain that

er positioned so that a locomotive ay accelerate one car at a tine. I is

poesiAi to conceive of a nirber of possibilities for cartridge case dispesal.

They mq be deliuked after firing by samnx of pulling out ti* wigs pins if it is

deahd to dispoe of them onrboa4 or they may be conveyed back to tie original

storage space.

heanusp the •a n•w ition belts remain at rest while thn gun is being accel-

eratedg it is possible, to fire one belt adt MVe the other in reserve. Howevrn,

nmc a belt is engaged, it =&t be find out since it takes only 1i0 sacid to

a

fire thn 90 rouds.

Report Ka. 0ne Ia3-5
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w~tw

UZn odr to detUVtwtne thfeaSibilitY o ztq USMCOfAPSibi. Amtion

Ltu& or hV,t .. d of feeding the flnt rondUvM wte em Mas reached prpopr

rotattorAl velocity, a ftfl-scfle vooden aecku vas mad of the gan and wuxzt

tie halt (mee flmes 3-2 tuiroi 3-6). ft dram und harrl aswwIs rotated

by*# o tehanderwL The first-a fl atator flm~e the 7 lwd2

apoate v~bA~ oftheactal m. he ctutorstrips,, wMich pass thrauq

the dna fla olots, ame fastetted to a pullng handle at the qoppoite side of

WhUterevolving parts arben c*6ae ytehandaxna,#

collapsd ammunition belt rainas stationary. When these parts attain tie

dedAui rate, the food operator snaps the tirst-sowrd eabetsr bustle, thereby

SqpSLn tbU Anft ifliX and XUft~n tiw-*tfk belwt. Te #nnSastee. find feed

one, sham in Pigwr 3-.5, guide the wooden siawnitton into the trim rocses" .

This wooden mockup gmn be* been successfully opraied at 250 rpm iditch coes-n

p ds tosa fifngmrtseof 2M0rounds per aimte.I9

Si*scotion filme taken of the belt action ddobUtflte the action of the

ae.ase Th* as welU as the method of enippiest of' the first road. Figar

3-6 Oarw the belt in the elapserd and the extended link Position. It is

beliruui that withI Owe us of Tefloscwuned cartrde oases, the low oom tajnt

Ž1 ~of friction of tUs etial ammaitton -iAl cmtst acceesful first-round wgap

1~~ munt at the rotatioala speeds Yequired to eet tUs deseign objectives.

Rm.crt tie. 09-.B7-.D
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The roMis cmantiafly composd of the pmosetile assembly., cartftdtge

*amasenmblys, pxtpe~flt, &M pa-in?. (SeeDr~n No. M76O1.) Thwecartridee4

ca& is triangua~r, but may be asmi-circtctar or keyttorw-shaped, Detailed

waslyis vmld be ncesusry to deteztuirwe the optimar shape for a given set of

coofttt$w esta. alnimm curtflge *as$ asemnbly, tonwAsts of thin principal

parna t~s eosn,,the frntecap,,andthewnar eap. The canmayWbe madaof a

aw~umasxtnvain cat to lengths the link can Wing formad In the ertrusion

proc.., an the undind portions being machined off.[Ž

IMe frot cap has a thin obturating flange withtn tM muuin case and a

cfni~flcul sleeve to supprt and properly- L~ac tOe pn-4npnbd pnrojet4a.

TMe #sle" has tma indexing rig, or giethat engages the rotating heMan

41 as it with the barrl rifl~uak ~thisU&atev also Wa radial extacsioas at

tU& tr for saxia eftsdn. Thw ears closibg cop Also has an obtitimng liens.

wan a support for the rear of the projectile of hemiapbsrieal shqps. In orter

to obtain natisfactory ignittrnn, a side vent primer Cat iL~ustratsd),j loaded

with a zttafle quantitr of black powder is ruccswman~d for this configuratton

in prohnrnce to an owl vut t'pt

Tlwrt-tvlww4t thet projactiluin plaosiu? 7.0cubto inowes, whie~ to

suffieoirnt, with a doubl*o-baee powder t~oapcaetion (such an ff2) to give the

requirod intartor trfltstica. (SooeSection 4, ~'Iatarior 8aflisticsI,)

A ehut-stert dewice (a shear pin, for ezample) may be used to hold the

pn~onQto in place dnrift ti# early stares *I prapaflat ignition. I
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L A detailed mnaojta of the pujecils Is required to ascertain

whether it earmestoti OnInterior and eltertor ballistics zeplsmenta van whether

it has tin Vol=%s to contain 0.140 Pound MOx or HX.S.

BS fth gametay or thte ammition minsms it autamatteafly iadth respect

totebarrel rifling, pro-engraved rotatirg bands may be used. They may be

toned -s paut of the shell bodr# or made as sepana uni+ts and attached to the

booy by id~ing, biasing, or smm similar process. In aq event, no hand score

Is necssary witthdn the shell body. This condition is decinaleU becaus. itI

leavs tie Wall intact WAn pensita minimum Vail thicloese and Maturn e02o0ive

A dentailed study of the fuse has not been made. It is believ*d hswfnr

that a siable~ fat could be desiped that uoialr nigh 0.20 powd or loe.. The

tme should be not only7 ccletoy bore sate and detonator ii!., bat it shoud S

boo both a maw for aeif4estzuction and a pelf-me2.eting delay to give prcper

bighuoflr detoaution altar penetrating lUg~tt or heavy targets. For higb-an4e I
obliquity impact, it Is believed that a circuaferetiai front csttingredg.,

wsimlar to that of tUs Worth Maerioan 14!-inch Mlaki nckst, would be destrable,

Th. projectile, including the rotating bands,, may be Teflon coated to

mininmis btom friction. In order to mindimis gas leakage past the roar rotating

bad,. * separate, thin, obturating skirt is fastened to the shell body Just aftU

of the bward The skirt, which wuilS bi nmad of soft ocpper, would esp:Ml radially

Into the rifing.
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?Us* Oitflt .785 z .452 K.50w4 cubic inch al

Ket of pmesavi~tyrs 22 x%.*6S 1,24$ lncms4

Not.~ .. t. 3*"1 Volum n.1 20a 5.89h cts.. .&b

Rrt Izicoive Havanft 17.20% J. L2S 1%-.960 tl.t.,h

ca fqljsjys * .~6 2.70 isclee from 'base

Awng N0? Ues spcific gruvity of 2j,
Drwly .072 Vudper cubic incW,

*~tf. wM~t Of e*I1oein - 5,894 X .072 42.&3 pmdA (NO?)

It Is euitmd that the fuse, wighe .20 pound and its CO is 6.15 tucosa

ham the base of the proj~cttle j!

TAMAE 3-1
MORT? AN4D CC OF ?3)#ECTU

Wtit t Leb tettme- Ma te I?.,1

3*1 .72D 9 2105b

hpu1.ein fir .1a2) 2law.3

Na J~.00643

Tt11.3$34*

000a w3,30Io ~ frombus. ofabfall, I
tlins, It ear be w=~ that .40 pout of fl, or M, Is a nosanflle

A ~~em for tiM e~l3mdn ftLUr.

f4.r Aert No. 09-187-D



SIM Anal is.o ~f It ts nom nscessary to check the nakes t

point, to the projeottil qgUint xoeen tssiv k om vetr-back.

The to~llwtag Is attracte frma Mu Technical Rot. 771,* Appendix III

Stress Analysis CAoulatiocs

Ya[xZ+is+21eue-neuzxlA

-r~ Restultnt (elastic) Stunss

T. 7, SW Z are the tMme principal streas att A pont

bustle, stresses are positin, compresuiwe stresses are usegatie.

Considering Us* chell *.ll aft.!f the reup tatit gbS4d, 4?, Y#si2

atm the aiA, circumferentil, mA radial strwesss $As 8r* *Y NJ' flOJstifl.7*

I-Sol

SC a

02

S w rey 42 psi

%R lunaer radius of action t.2inoh

teport No. 09-187-D 3W17

CONIDNTIAL



~outer radius of section m Inch

VW afamtht of filler a.40 pounA'

* wwgbt oftset.lshSfl+ ft$* a.60 + .20 # 00 Pound':zf.

&aimd of acotion being considerd

48~,000 x 8
4W T. -W50 *ao oPei

¶6 00 38Ox *tji ()2] a 76jOWo

SC- -175#000 Pei I
Si~ -38,000 t#ct9 -. 16,000 psi

FMn tqaetioa (Is) Of SIL M,
j [ ye 2 + 11(21w1ay92

obtar the barred a~ubole am the unbarred one6 divided by Is, whaich is the Yielt

stress of the materials, assuming t 175,000 Pei, 1

* 47%.000 a
w 7*0 a e.09

y2 ai1(-.485%+ 1.0) 2 iC-(42z 01 .v± 485 +1.0)2

38Report ~o. 094187-DV
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y- .m9 175i000a -13agooO pst 4cinbIUM effntie stress.

Although this tign's is cauftat high It Is In the r*Qx of feasibility,

&detailS dndip study would uadcbtnodly improv this oo~itioo.

Moment, of Inertia. In siftr to deteramin the gjrt~acupis stabiLity of the

Prejntil. Is flight# It U. nOmauy to obtain the Auiel "d the traanere

wmasta of inertia. (&w. Seen., 5p 'Exterior BullisttoeS.)

2. Shell Oylimrdr

XuVf.25 x lz.33x13?s.l97)b In.,

3. Xen (tigiw (Equlyslent Cans)

1eIr a .3s2.1"x'*.682 m. 07?Tb i.A2

23

wee2c3  .3hx. 2 0 z .5e2%.0W5lbi. Ins

6. txploein, Clive(Edvust os

0'.3V02 x 1.C xz.125 uOSWl1b in*

7,,

3-19



TtotL A'Y' &I rn*t Of Inrvtia 1 l *57 lb in.

1. w &alBuepbref h disamnceof cnmtrid toO orebinfl

a .43 (6R.62 I> +3.2 'A I43.0 bi

3. U flwf 04 (3ql~vvfst Love)

"?3 a4: (r2+~ + 'A32
= 3 gg t95 (6 +E2*0) +.l1z.a9tt 's4826btn.

11.0 -

A22 p2+•..ozs.1SI k

~2 2.2
aý 1 +y (....j .004 .059 2 .56f.34 lb In

3-20 Report No. 094-87-D i



ToNR. £f1s~,Ottc ftqlr4cgtt C;a.)

(r2 + a

ttl tamnars tent Of ZInnia1 abot 00

7s~t LU LL21 lb in.

4, Iato 5, 5 ctnflar Rafifljcsa', it is shon thart withr the parse torm 4.tev.
amixd previously -- rat. of *pin$ mmOnteof Iunrtiaj, Ifttion Of centWr of

aMIttY Oft,.- h projncttU le stable at Isea nel

3~~N~u Capat nl et*

1. Body Am& Aerage fthckns tintps iee

0rnsota ma of metal Sm .0 7 37% s in.
a&~ .375 z 8.75' = 4tt7 iblc inchesS

LI .1ann0zx2m.20 cubicinc

2. ?no.t cup

?nt1euIugnnatons02.?ax2.5%z.50z *S. .60Ocubic Inot

Cttnder a .785 (1.702 1.52) x 3.0 = xss3 cubica Inmo

Cyl~inder &tPPorts u-.5D 2 .12 a .75 a 3 - .X5 cublc inch

3. Amer cap 
.~

2Z.7Tr 2 .Sx .50zdx .30o 1fte±Inches
Prtmer *.785 (.60 a .02) z .633 at"*c inch

Projectils SUPPOrt x .20 cubic inch
L Total a 6.28 cubic inches = .628 pound.

Report Nio,, ^C54u-D 32
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?btl tgh"pr rmad

COs. AeSombly a 628

Rhoe .033

It WAY be omaeda that 2.40 paunds per' remad is suttOinny elose.*

flthingks detailed stress analysis et' the g"n Is not VWthn the seoap
Of tbO *t"47 , It is advisabl, tO cOnufct a "~si*wlI ttebr
Vol. It I.aso AU qiortat to stwty the critical secticw of the diva ad broads
In order to detentem awprod tw weihta 2Md pmsr requfroeasut,

Smi. The foflatag barrel alyis basedl on the method ntWl.aS
In blaresc *SolV

SResulant""t.. at Inner sUrfa*e* piI

marmsun .. psi

re a Cuter radius, of tube o"t~

*j U Rofta of' bows -- inclwea

3-22 epoqrt No, 09-187-Dl
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Acidi...g to ±wfemmn "P' * fA tor orf safety or 1.3, art yield ic .r. £t,"

of 130,000 psd is taken for the 30m T-168 gm- baml. This factor iv used to

co~mpeate for loss of Zun uraterial strength at elevated teapcntuzes and to

allow for stress concnutratinam in diacontinoa* sadacei such as barrl locks

Sime it is believed that the major portion of the barrel "•,• iifl not

bas tin' to meach a hi" tmea~stww wtdle ftitng a factor of safety of 1.2 is

fola to be ap•l. The yield strength of 130,000 psi may be raised considerably

by colt working or by auto- trettzage methods, as toll as by Iimroved materials
and beat treatment. pe.ep

%T a130,000 psi

P Is tM unit poWor pressue" in t .t bor at ay position of the projectile.

Fobr Pem. Section 1., 'Interiof Sauiletice'.

r 1 a .7b9 Inch bore radius.

(A2 3)# -1 + (A2 - ) "0.

" Rep.rt , b. O ." • ,."""3-23
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204 -3)

ONE 3- 1
skim? 3138 ANWALYTS

mar ee !fr*f (Fim ho. 1.)r

I 3.1 3PA0Mh,6 2.86
2 12.10 VOW AM50 3.42
3 IBAO0 26,300 31*00 4.121

626.95 22,000 26t5oo 6.90
538.20 17,90 21*500 6.4.

6 k7.'D 16400 17,60 rJA6 A i7 56.83 11,50 26,300 9.08

TAMA 3-3 I
DBAr s1nS AxLxS$S (Gort'D)j

31 2.86 8.28 6.n1 i6.1 an.&A W.6 ,AA
2 3.52 12439 153.5 26.78 616.00 U6 -2.05 i
3 6,1 216.97 287.9 33.94 1,151.6 an I
6 4.90 24*01 SW%# 68.02 20306. 129M5 16O
5 6.--,4. 36.68 1330.8 72.96 5,323.2 1., WO IJI6
6 7.46 55.65 3096.9 1M.30 12,387.6 1100W 1.31.
1 9.0 82.15 6706.0 3&.90 271,92s. 25,9M 1.26V

III A&



Stats Mtanss tom v rXU Tell f4i inch"

2 12.,W 143 1.010 .3n1 92.1, 4kK

3 18440 1.Stm 1.005 .5% P.01 2.06

6 141 *No6 ,23.P vf 2

7 56.$3 1012 .%D~ -on 14M 1.90 t
It vwq be uoted that tbt betri eWUmo . hove been incresed byund ti

*=put"d sttngth requrnmmta in order to provide bearin az~tne and petter

amts eaumbec. Pip~s 34 *ant 3.8 azttUma apm1baa stres u0,lyuis

of the 434M am b" ren pntidver.

in ti. cas* of the dimn partiaz~arIy, the tess qa94" &nCr n~tis td4

fits acoaliti ca= be tiqroved in actmal dnsip trb provting a Iawpr indite at

time bottom @t the rmeas so Utat the volume of tVe CA" vouid rest tim. goo

bat the nriti cl section of tle dnm would b. inrased *iLce theno re =s ual

be sba~lomr.

As an easplo, If the cdtical n~cofti of the drum was to be inceasedt

to 3.S inches bW mdakig ti. rees 0. 25 tncht Mtflbt, the £OUaidng would be

tiUpproznt 3t-25e

IK TA
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19 ~ e020500 Pei <
Totfa stress a 1224500 psi .

This Is only am of &zy possibflttos that might be #20121* to iIrpvf

str*ss coiiaticuis.

7th breech stress of 127,0600 psi mwe also be taprcved by redoaipt, of t1e

critical noction. For example, making top flange (3Y (on* section stain in J

Figure 3-0) * inch thicker would decrease the strers ccasldsrablzr, yet add 'alyj

pproxixatly 6.7 pounds to tae overall ight. The total areas A, of the

sectin would be increased by 0.60 squar inch.

TM unsent of indrtia, I, weuld increase to 20.69 inchte 4 . Hence,

t UU psi

Total stsas 1Ob,800 psi.

These stress figures an presented only for the purpoue of shwing that i
the basic design is reasonable. Future design work sbhld tak into account

allovable endurance stress leels for a predetermined life as woell as plastic

reastribtiton which tends t lo'cer stresses.

Veigt Anl-ad, wa Mcment of lzwrtta of r~otati.ng Parts I
2rnvol. Thv berral is contidere ea boing made p of four dtuitral

3 2 - 0...-j
t..

Al I
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TANE 345el

BAnsMin su

8tatio5 W.Z n Jaugth--Iuoe got Aroa of flvg a

1 2.5 5.0e 3AM iS.

T &Mefr 17.00 2.012 35.3 I
kit a 2.2

3 2.00 4.00 54.65S
ii 1.90 3V.83 141AU4. ~

lbtal 91.05

Rulgbt of barrel 91.05:x .283 -25.7 pmtado

or 26.0 POunds Inwndfgt.

tibot ot fatr t lit s *26 a 1 4 lob1 pondt
12 2* n vm

21.5 In*

* (41.84 42.25)

a91.5 lb In.2

'(Auie Ot rotatiots) 10 fi%,A7s2 20m95. lb I

AgwbaThe dIram assmbly is oonsidond asbULMingtupaaqof

&*I" poditive vdlumes &M four kwgst±Ye 'volume (bales, reea~s, eta,). fte

toluvtiug tattilor ton Aimplifies tin Old~ a "M it, Of $nrtia cawutatioca.
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IIt Dm= Vot 1. Mel

379.1 cubic inchesj

Not bus Aemmbly Wtmigt a 379.1 z .283 107.5 p .,.

2N.ti x .283 M "lb i.2
=x.28= :,

Html DA"fln upor. Thisd unit Is ans logoc to tin frNmt bwnl support

section @f the drum, tsnofton we odd noction 2, 3, aid 5of tabU 3-6 &W sub-

treet section 9 of Tble 3-7. Pace.,
Volume of Drive, Uppe~rt. = 1A + 20.5i + 8.? - 90

a 59,2 cubic inchse

1w 125k +21.9 + 24.3 e930W370.2 inciea5  I$2I

20% lb in 2  -

V. Assembly - 10-7.5 pounds

VAt" support -eo "nd a v..

Total 228.3 p•unds

Total owent of Lrqtia of Rotating, Parts. -
-tr-1a -- 995.5 lb in#

""its Atuatly -- 785.0 lb is.*

Dkrine Support -- AO. lb in.2

2I
toatal 1885.5 lb in.

or .06$,et2

Thnm figures ao used In st subsequient power requiresant anelpwix.

Report No. 09e-187..DA
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RAZ

cawidovWo an bifil s& upofe"t'-ns Bctbl'-tr

Tilt 34

bntw#l - 6.

3 Virtical 30,5u.B x 1l0Othtck 30,85 z1.0Oat

flap (2)

I. frawflaog. v~wo4xz12 thick fixzL2x 3cZ

5 Oittar nap 2.4 1d& 3z,75thick 2.4 xzd7x 20x 2

M)ap (4) x 17 thic

7 flat freoe I1Adidis .6 thick 3,1 a Andsz6 z Ja2
llmw (2) z .9wfle w364

tota Brechlwot w h25 cablo inche
toal fin %isbht a 425 x .283 M 2 powMd

-1304.0
he acaly- 107.5 '

Delve Support *- i6t8

TOta 368.3 without poemr plant



it has been atAmted that a strrt-,flt,, hi bOpad gas tintira plr. ns

vsooonsty cartritgn or rocket *tatr p gwnattn vm auLtegh belkmee 503 AMv

75 pounds. Owen the UtoAl night vtth drive is:s

3b8.3 + m7kwtW.3. or, Par425 pnwd.{

Maim tUs roAtati pati an brmugtit up, to qsd Wfon fItqM o~an, thn

SOW tois te tiatian three develope ty tin cartridge cas elidin

tawtatiag lw 4"toimh friction coefficienits. Rference %I o&Utirs m"at of n
"*i &= In fths MUti. A furuar reduction in the fritnio cnfltciect vi=

prcbdab be ob~tafn at. t.M fAirY tdgh slding velotes (wappr~ataly 3000

hoet per vdte) enonatere at the tvech..ortaitge nterface. Referance M'4

sins, tha mbbr Mt~ wdt 3.cfs andtM*sit"img velocitias, tin coeficiet atI

mottaon Is mftuead ccasdeafly for pioatotoil .it*44 tout a 3abricaasu

UAu& intfloaut wit Wa bums don vtth teflon to predict aoanatulr tinZ Z Zsa ofM Zto at the preafisar: v~eloitims Uon2L #bstOt'
ma" r~tetethat mitwud b .to0.01 . A cofcnient @t002I nasmed

tmothe nlauatici".

lint, it is ncesscy to, establish the avengp preenm &arigtin theag j j
intera. I'i. Is doam by cola 11 interior balistic obeetiezistos discuas"e

in Moation 4i. Tin tsar pmeau to5 cbtaisd by idividlag the sm of +tn vidtj

Impulse isomenots $apartM to the projnetti by the totul time in the boan.

Report No. 054037-D



Plsm AIM

m32#~ 7w 1 a,0

373 .19y,

35,6S363 .19 6 t

-- - 32#50 .2

tam 22100

2lt4Aa 20,o CM s Tom0

IL 4 S a 26,*%o .21&3*

1l3,500 .332 k4soo
TOLtime n 3.esa

Total v tveoo TeWJ per Sq"M mn nc

A" U P a22,3cUOp

Report NO. Q0n0-181. qo 43ý4 ,
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of Uio vua7;;-Mi radially against the bresar'

hssu~tM a entficinmt of trietlou of 0.02, th# aPortr Io iailti~

* ~wv "reat daurfing ring Is I, '

7-22,3W x 184:ý x2uI0pud

* ~ 2 b. rkIM tarL Can a ffurlleklt rac~sist$

-M 2 x800 pcwdnfnot per s~tateI

It say be asacad that the dirotion of rttlmz Is choic so flat the

trq ntte wo~il a ssist +Ue ennui Of the rtaU" parts.

fte totia annge form. aaist tOe projectile is

&an rsfling is civ turn in 25fl ca1 he, twhe forcet U 4418

tie land s Ta We Is,# ulwsn L* the BAKUl of tahe tenlpc fliflfw.

tan is

flies ooaonnt 4Wt posIts

bun the torque reotos d" to rifling is:0

?~~ sj#471 1.~live dia of boe"

'r a 600 pound-Net

Not torque to cysroom 1 af TrI

or? a7.MO.-600 a 2200 poundtfeet per St~ftto

or T7-a400 pound--fst with tico stations tiring

3-6Report No. 09-187-DI
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+25x i noruMoa per me*oa .*

bM complete gm. cclic tin is - ofUmacca *-he dsaelezwtion

Poenod td *03 ,o lsecond (frw. Setioe 4). Bence tbo acosirstioA period

ta aaOu4,#06

w .oo*6 eacoad.

1 &M.ant of $srtis of routafti parta de76 snforkffl

ratt dme~ration tiesf tiring firngcwZ
ad
*t atoelentiom time ding firling cycl

T tovqz. inptt of pqWr uitt

T4 w t bflklttg t"rq0 dwing fiftng

if Ali walnlf beore" firing I

-~ velocity after tirInt,

avenge velocity during firing cycle and iWing quele mat bs the um to

aintmai a constat average speed of rotation; that is,

Vd at tho eat of ft.e. fir~n& tyla

.2+ V S a td%) + tA~% at th.en .W f the idlin cycl

Row. 1 .. .:AIR7-D.



c IM

at~4 St 4 % (*W e 0 e

or *ki nv~ciy n O in velocity.

taa.0036kk(4,o -a MU

BORASe lowe in velocity 1 t 4  
a 6 t(4 &

Gain it Velocity Stag .O16t

OW .00361&C!4400flo*6?AU

Ia 2wGpu-tt

Liz" In vloucity - 036 2

gap&U*SSt a (rod/~n)a

-369W U
This poy quintmmt would, Of cottrne, bo retnoed omwidenatty with

Imin coe dffiiet of friction or if ore etationwe fn at £ tin, nathwr than

3-38 Report No0. 09-187-fl



An viven gronzter reduction o! ire quirenent mty, be anti i..xt6ý r.

"sef-wrxopn m"s Is d&Wv~lce4 in which taws thm fttetion area w=Ml be roduced

to A nintmta. Prr~phr ubturating mveanz- wmitld hav to be dewIorc.

~..k..ttWith. thIs neapo cmtfl~rantta theno is w duig~r of cook-4ff

saiw then Is wAmr a rout in firing pasition aftur the gun has stopped ftirng,

Tlw dAnwetof dsaleyw ±dttoen or heangrifr is mlivitttd by the act thAt

tUs round is uocontinet once the* breech position is passed. Thereforo5 tho

propflUit., unable ta Wixt unfte2- vrnwstur, waoud atmV2y nipton tbe cartfldge

case. Recent e**etonc with 2amz tioa 3S&Lo&aBe that major dmuwi does

not rosult tinder thee. corditions,

Bamlv4Coolhw. It is bsltned tbat inces fixing taktea plac so rspiCy,

thenwil hMe no ttn for heat treanter to the esteuio ot tka bet.zl Hseremno

"e3 contatns a Szeat 41d of vewrixtaital date to beer this out, particLa~rly In

Sections SSs Wtates of Kecting Under Rapid FVN", am 27.3, Oflhtpatngif of

If wnessaary, additional cooling may be provided by using "doal csr-

txtdrs ccnteitcng caiea2. coodirnp agents * Located at intentls in th sw eat

t~n belt, the apetal cartridges, imld be fired in the sow my asen on~atrasy

ratd. *~n wAuliay primer or charm would blow the coolant through the barrel.

'To detetrsi the, oxsrV of fr--o menU and other pnnters mem Lectitv 4.
Olnteflor klalisticst. For this ptn~osee the veslocity of tree r~ecoi wil be

considerod while the projectile iv in the b'tw, r0

~p.oiwt Nlo. 094187-0 3



Vf velocity of fves recall of rnotliag partsU feat jor acomi-a

M anight of projatilu -- POWas in 1"3%

C wtght of charge * po~ .46

I - nght of nooilitng parts -- powtids a 37!S

"V - letty of pnojeotfle at any tin t in the bor*

[Srecoil1 distance in feet

AZS flj)t f oreany icutarn

to eum1 or free recoil * f Vfto~emi

t-48 Atasew V'/ft Vt~) zz'
.*an .sof 270 1.4k sw JOt W 7456

5" 810 3.J.0 2.2f? 1.15 1*.5 u's 67.0
1677 .380 13 50 5.68 4.5 1 7 3.382 32.0 1fi*0
2.18 .I0D is" 7.95 6.82 2.8 6.182 63.5 310.0
2.43 .25 216 9.20 8.P2 2.U6 8.322 82.8 481.0

115 .43 2150 31,6 10.9 4s.698 15.82 135.0 786.0
3AZ2 .27% 2890 12.2 U1.9 3.21 19.072 249.0 870.0 '
3AaZ )M 30 12.6 12.4 2.6p 21l.72 1%9.0 M-50

tAmindg arecoi sprnag having an inUita eCapreuices* of? AMa

spring eatstat X of tM ey*tae, the total v&S Abso*.d jai

3-40 firport tic. 09-1$87-D
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"s"Wr F, I roundi'!" ot, feet of recoil.

-,aes, the m tining energ at MyW instt ant

_z - - ( 
.1+

At the end of reeot:, tese must equal zero*

With an initial load of 10,000 poud rF aMd £ 80,000 poundS/oot,

an spprainate retil of 0.071 foot would be sufficient to absorb the eergy

of fres recoil"

po + , x2 0,000 x .O718 + 0#,000 z .0728

'A8 + 207 - 925 foottpounda

The total recoil load would be S

10,,000. + %W 157,600 pounds with .86 inch rec•ll.

This figu uod actually be less than 1%,000, even without cnidering tin use

of anle batkes, because of factors like-triction which would bring the esnarg

of free recoil well under 925 foot-ptmxds.

It i. worth while to consider t.e use of muzzle brakes,9 which would

yrtce recoil loads appreiably.

It Mq be noted that the amentm of only one shot is used in consaderfng

reoil because it is intended to utilize the principle of the Navy 20 tk nlg=n

where on shot is find initially and two shots are fired just as the gun is iA

W-1 coWtaOtinol position. Thus the energy of countAo coil is balanced by

the energy of recoil of or shot, resulting in a net recoil energy of one shot

only.

peport Nlo. 09•07-D 3-5-
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a. Sprtnftteld Asozy Reports "Stress Distribution in Gun Barriel. Stresses

&rS Strains in, Tubes Under Extental and Idtni Pressttm' by K. W. Mtater.

Ono Amto. Wi .60 T-130

PnJeet No. TS3-301a7, SA-TR-i-700.

b. Report No. 23 on T1468 Otn. tYMe Contract flA49.020.mr64a6%.

a. Report O-32?O-140$2. ButOM Project No. b~lfO, '?efloen Coatinga OU 20M

Own Prts*,e 1 October 192

4. MCAk Teclutcal Vdt. 1178,o 'Tifetion of Solid Fims on Steel at High 511&

Lug Velottieso.

$0 *. port of un~, Div. 1, Vouen 1, Jfr~.rnoc4. Otans and tMe Control of

5- an Report goN9-P-
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m'=rtnc flAUJTTOSnts.sIA ,J&PI I+k'.+•

'I

The coMplete intertor ballitic selutiw for the 37m• -M based on the

! utbds discuaed in NM Roprt A-3L8 (Refere me 1), ")tmwercual Methods of Sol- .

tin• of the Ordinnry Problenm of lterlor Ballistics -is • •utined in this

The folflirin differences in fixed parareters we"e as ed in this case:

L. The f•ctor of lo0h, used in comction with mt (modified mites of pro-.

Jectile), was cha nged to 1.02 because the t emner firure assumes 4,9 of

the total energy Iobt In friction, whereas it is believed that 2%

would be a more reasonable figure inasmeh as pre-engraved rotating

bands and teflon-costed projectiles wotld be ua-4. Reference 2a -.-:

indicates the probability oa-deereased frictional losses,, with K.

(non-4groscopic) poWders in a lubricated bore at full charpe. Rence

1..02 N + C) ...

at - - (Formula 9, Page 4t of Ref. 1)
32.17

2. Although pre-enwraved rotating bands are used, it has been assumed

that the starting conditions for brntnr. the powder art the same as

Utse with conrentional projecttlesj that is, J, which is the fraction

of the powder burned at the start of motion, it taken to be 0.01,

because a shot-start device will be used to cbtain uniform ipnition

and to prevent debulletinp. Reference 1 (pare 5) notes that there ts

very little starting ;eeesure with pre-egranvd proasettles. Nvrwue

w'ould be eql to zero if no shot-start device were to be used.

Rport No. 09-; - -IF
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"Mak POMer *trrn p*&z f~ double-hTnre comirmitim~ wUl tl

btzrminer surface, This composition is preferable to the qtnrA,--hse

?M-*% because it hnr a h'tgher impetus factor,, 7, so that a cartridge

case of &mUst volume is require~d to obtain a given mtwsle veloccityI

within a qpecified mazewte pressure. This reduction in case volume

is particularly advan-tageous in, the open ch~amber design since it

reualts in reduced bending woments, smaller friction wreias, eta. 'itJ

Is believed that the much higher flawe tetpersture of the M2 powder

would not be a prret detrixent simce the duration of firinp (1.01

second) would be too short to overheat the entirie barrel. Rfreatos

2b states: #It takes a matter of seconds for any considoranle part .
of a puls. of heat received at the bore rairfete to sake it& appearance

at the mater sturfieea'

Th. e ballistic results are believed-taý be conservative with th sII.

tied powder ctr-rge weight of ciA'oun because after afwrounds *

aro Sired,, the interior *urfnee of the barrel would be at a high tamn.I

perature, which would revilt in the transfer of less heat from the

powder gases to the barrel wall. Hlence rwhich is taken as 1.30

in Reference 1# would be lover. This parameter is the pseudoratto of

specific heats that is corrected for heat looss.

5. Thes waggle pressire of 11,900 psi., while seemingly high 4q actually$

advantageous if a smssle brake is gcinr to be used to reduce trnvnion

reaction.

The following calculatimis are for preliminia~ry design purposes only. Theyj

were, therefore, carried through at elide rule precision.

COF-2NA Report Mea. 09-187-yj
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All of the following pari;ýt".rsym*bOlt, mt esquations are those un0d

In HMORC t £-348 (AlT 2460).

A 5tvw. inthes Cre -astional ma o f bmow

aCubie inae par pound V1

* a

*adf 2.3ý$9 x 4

b (in./*ec) (lb/~in. 2)Burning cmmonstan

Co -wa WIght of Powder chare t

P fct-pounds per pound Iptus of the powder

f- fract of the web un urned at ay
instant

fraction of tto web unnu.'rAd as .vbe

1- - start of motion
11 2 13 U-tbulA ted functions tint in **omput-

ing time

star of noio

* Ina"e Total travel of projecti:e

InTches Travel up to any point

KPounds Weight of pro jeotile

.9sl1g Modified mass of projectile
Cm 1.02 (v +a/)3.7

31Pournd 'Weight of powder burned up to any
instant

PPounds per square inch Space wmfl rad prossure behind

Report No. 09-PI,4) h)4-



iAi.

Pb NioaM strj~eic Pm'e~run* compltion of burning

PV WNads per squa"e Inch Kniws pnasm"

PPounds per naqe inch Prnatin function t=n a* P

SP Points per quan Inch Prenune fumctiom at completion of
baurnin FS

tPouns pa Square ftnot Maimm prnnsro fmctsont &0

q Psremter dependiz-g an stArting

T Kiwrt of Poder gas$j

7, it Minbt, ti flus tomentreatmvo
powder r I

t Seconds Ties of any instant in tia motion
of Projectile I

beounds Tim from start of motion until
--kwdsr is all burM j

V Ntet per cascnd Velocity of projectile at anyJ
InstAnt

7, net per mowen Imunle wnetetyJ

"PC Cbic inches Volume of powder ehaber

W Ind"e Web thickness of poWder grainI

xinches Effective distance behind projectile

ince~s Effective length of poWder chamber p!

Rwadiiad travel. Ratio .f valmtaXA behind prjojeeW. w chuambr

Raqmrt me. 09-147-b



travel to w3~ere pndwrto

Retuoa travel to nafl.. Rtor~
ttfl Voluma of agtoca¶e

Aa 
n ,/i.r2)

'ato veoct rrtr ahs

intern) of t"U
5 a~ ?siu of Z at inetc t p*W tr is* &.l

Named.$ CSUe bundtin tnflio

Ip TAlus or IZatUna: Of *Ls,=PM.

9Kr 
'nnfly

ho- Ratio of speoitto IWSW*r

rtoot for tint iaw'1 tttaineU to, i.13d
4~C z7.6C/vU01i]

Ntfto POr cubic. inch but fl~ig~4,

cubic I3mbg Par pouM Cmboro of Poer gnt

f- franlfrflmon minted tofwhom

aM J aw t at abet e~ oticti-

----------- l



PSWAN pe Mae l-t

p A totpowd pr.& pound baqttyowuteps

L, is 6.39 Mowms (itotls pr loj til ral

A s5 Vom 3*mn icubws (entit. @f~iy bfuop"

0 .4 Omsafd(ate towvue(hbWXX. )3

PP S7b,000 totpomis per sqmminc (mimpealo"us)mw

4.6 Rtxwt o. 09167-



.635 -new24,ooo Th/ia2

(3) t (Vra Tible rV,, A348t)162

(t a)A* A~t .7,5/2768002

(S) 0 v Va6lla17.0zx.0fl0467#O

(6) a.1.02(m, + o/)r7-1.02(1,35 + 40 /.27 0.otn% #Ivas

S10.17 z .02?/(TJt*- 26.95 z427) 004

(8) '~(PIMA Table fat5 AeJMf) 0.363%6-

(1ox- L$1 z 836

(IC)~ I 3 Sa!.ns% y 30 t

* IU adetr to nnflatin th~t th eadewr is coupletely turne beft* s*Mt

-Jeetions, check thet

4 ntzZ < (1 - r5 0 -3 )

us0.15 (Frte ~ag 1-2, A-34.8)

fo = 0A99 (?ran Pace 12, A-348)

a2.037 (Prou Table I110 Aa3la8)

.tb15 *.99tx2.037m* Om

is r>,' 1, i6n 3a3j~

Since 402 <.361, the pofr Is all burned beton *hot ejection.

RsapotlNo.u U. 46-7



magjju s1ut&a amr nizemor rrnietqaec

A.Nri~d Of brhMtAn of 7tsm.~ It is1. mm that a content burning

sttfsce pomdr greta is used.

7rgin pWe 161 A-3l.8

(/)2 wt r/fl-

D alezruiag ecuhtrmt a 0.00$5 for mg pva (boterefoo 2.)

W a pdu~r pv½ web(iea)

We Pawe &-6 m5 lie?,

A10. r F3%#a000 %2b.037

".99 amS~x7

newns

tints~.37 in. a e~f)

a in2W,4a.218

2 (2 U0- .01 2.4/5k)-..0206

Ait) an -45 (f23"J-

Soa~oltUl wat&n sw t as am*gwtuto, a LOa



1,(7) tnd T271)aoaisft from frlte 4w P-t~ea S5 AM C A-3V 0"Y

2 xaj 1(2)

0.2 .18750 4381 001557 OOIW0
0.4 .15583 .31?
0.6 .12859 M26 .0&94 .00"0
0.8 S1Dm7 .22h .02867 .00600
1.0 .08587 .175 .0jfl .00632
1.2094 4 .03"4 0OIA=
1.4 .O0M6 .13, ohm09 .01447
1.6 MM38 -08191 OWT1 016

1.OU335 .0698 .05237 .09377
2.0 .01647 .05M8 .05996 .03027
2.037 .02523 .05U4 .06ih& .0317

Pim the obkr tabpsolvem ft=-5 (se peas 25, A-348)
51(Ie.z

1 %k 0

Seats 4-e



ior#, wm-..,V .

UWE! 4-24

1N'TERX0R BALLSTICS £K17W4 BLUINGNOF POWTER
-••_•(12 3) ( 1( 1(6) (7) (8)( 1"

(1Iaces .. 2o"0),,-)(•Lb,2) (Eý*,I,)_.° ....

.2 1.605 1.169 1.67 .88 18,900 270 3460 .i075

.4 2.127 1.312 3.08 i.i8 29,800e %10 3360 kr~rO

.6 2.M80 1.493 a.86 1.32 35,600 810 3260 .3025 1-

.8 3.640 1.728 7.x6 1.58 37,800 1080 3150 .4000

1.0 4.675 2.013 10.00 1.77 37,o0o 1350 3040 .4"975
1.2 6.030 2.388 13.65 1.96 314,300 1620 2930 .5950

I.b 7.77 2.863 1860 2.18 30#700 1890 2820 .692

1.6 10.20 3.503 24.70 2.43 26,,300 2160 27M .7900
1.8 13.25 k.378 33.25 2.72 22,100 2430 2620 .887
2.0 17.40 5.5213 4.50 3.07 17,900 2700 2500 .9850

2.037 18.30 5.758 h6.8O 3.15 17,1200 2M 4190 1.000

*For solution of 00lm=w (3) amnd (14) nPg -142f - Fo solution of colva (5), eat page 4-133s

Fewr solution .f column (6) sa" page 11-11

(a=• a) ...........

Pot solution of column (7), see page 4-15 4..

For solution of column (8), see page 4-15

For solution of tolum (9), see page 4-16

0N
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IVI{TSOR BALLISTIIS AFTER BMV1IN0

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
90 r t p V

46.80 5.758 .0545 .4e17'5 .699 t4.6176 3.19D 17,200 2750 24.54
480. 5.875 .0533 .41..97 .693 74.%469 3.194 16,700 277o •'40
50.0 6.08 .051o .1048 .685 74.492? 3.255 16,o000 2Wo 245D
52.0 6.28 .0495 .40586 .678 74J42•2 3.310 15,100 2830 2415
54.0 6.7 .o048 .140163 .670 74.3504 3.37h U,500 2860 2390
56.0 6.70 .0460 .39103 .664 74.2897 3..24 13,800 2890 2360
58.0 6.89 .0446 ,3337 .657 7A.2172 3.465 13,200 2920 2330
60.0 ?.0 .0431 .38935 .650 74.1426 3.549 12,600 29M0 2310
62.0 7.3o .0418 .38579 .AU. 7h .0753 3.605 12,100 2980 2290
63.13 7.43 .04o1 .38356 .640 74.030 3.642 11,900 3000 2275(n• ej!ection) _ _ __ _. . . ... . • ... ........ •

for solution of column (2), see page 4-17

For solution of *olum (3), ge p g 4 7

For solution of column (h), see Table XII, A-348

For solution of column (6), see Table X.I, A-348

For solution of coluw (7), see page h-18

For solution of column (8), a" pare 4-19

For ao1utoi• of column (9), see p-Wce k-2o

00

Feor sol,"ion of calum (10)p uae T = rý•" To (See 22H p•t 27j, A-343•)

Sr lu 1.6n To = 356o0 K

See figure 4-1 asnd 4-2 for pressure •nC; loe1ty an functions of travel wW

UCUN!tENTIA[
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W•__nI• .. ... _. . = ,tt-° • .

-- o C n1_ l

, + ft (See 9ff page 25, A-3ta6)

26.95 .027 ta 0 a.728 j
a 10.17 * .275

at F tio *A. .728 +275 I
Also,,

½Z -1 4- 1) 4 (see 10H page 25%, A-368)
0

SCl60 .7~ 1.569167l.(r- 1) 9.85

li.s ?8 C•3•8

a

.2759 x/, L

1.05.410 1.169 1.67J S

2.127 .51 323.08

2.780 .765 *1.493 4.86f
3.6,o0 1.00 i.I28 •.26
,4.675 1.i25 2.013 20.00

6.030 1.66 2.388 13.65

7. 710 2.135 2.663 21840

10.10 2.775 3.503 24.7o

11.25 3.65 4.378 33.25
17,40 4.785 5.513 44.50
18.30 5.030 •.758 46.80

1*-12 &e'ort fo. 09-187-D I
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-- C~m~ () ~ ~b-; .rr.-10,

atve
,2F q q 3qW) )-1()

For tteý nt~ort, see forrui* 1111 pnjm A-t34~8.

a = i0.7 F = 384,000 01

q - .0206 (see paige 4-t') q2 .0m12',

Sq = .31Ž0 x2 = .215 (.-o pPage -08.,

B/tV = .0132 (see p-alm 4-)

;'-- • ?able 4-1 on pige 1-9, 'ase Ii(Z) 12(2) • It *

I ~or I M -zl) • s=

f .3 .0• .0I I000881

Is. .096 .. 902 .00118

€ 51

1.6 .1 LT .110 .FOR t,

n.8 .111%; .1.% ,0015

1.2.loS ,x%•o .oois6

I.2 .on7 .070 .002818

1.6 .2120 .1936 .002113

1.8 .210 .2125 ..0012

2.0 .275 .2144? .0030?

2.037 .2825 *w.20 .00315

Report No. 4' 4-13
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Fr~~~I pru a p1W 25, A-3h8

2.8763 x 105 (q + -Z2 ,-.

S(1 -x 1 2)

q 02 .006 (see pa, 14-0) a° 0.635 = .15

P 2.8763 z 105(.0o2o6+ z .332)1 'it
.035(1-r 21 -"

U; •td ,(.0206+ 2 - .152)

FRnee 2.8763 x 105 d zx

- t3{ -I 2

SOLUTION FOR P

z xz U22  d l-xY.Z a,(lz-Z) I
(p. 4-9)

0 .21800 0 0 .0206 1LO0 .635 2,040
.2 .18750 .0375 .006 .2146.--962% .611 18,900

.4 .15583 .0623 .024 .3966 " .9377 .595 29,800

.6 .a2859 .0710 .054 .5656 .9230 .586 350,60

f .10547 .0842 .o96 .72166 .9150 .583. 374,8004

1.0 .08587 .0859 .150 .70i6 .9111 .580 37,000

1.2 .06934. .083h .215 1.0056 .9166 .582 A4,00 3
1. .o5546 .o776 .294 1.1266 .922. .585 30s,00
1.6 041388 .0700 .384 1.2366 .9300 .590 26 300

1.5 .0309 .0618 .485 1.3356 q382 .596 22,*100

2.0 .02o4? .0529 .600 1.14206 .tt71f .600 17 900
2.03? .02523 .0514 .622 1.6356 .986 .602 17,200

4 Report No. 09-167-D
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Pr" Formula 1.3 pag 25, A-3:48

S0 ~~~07o?0 5•

~ . = .o6 Z 2.03 .o7.• 36

j~ ~ % 384,000 89

m .0475 (.%a pass 4-7)

Flrca ftrmula 214H pare25 A-31j8

2 .8 .o .8'o .. I88 ..Z

= .0206,0 ? 35 KI let , 15.TO +
TABLE 4-1

22
.1 o0 0 1.0 3560

.2 .006 .206 .027 .983 3460

.4 .024 14206 .057 .943 33.,

.6 .0. . .6m .06? .913 326

.8 .096 .82- ,, .883 3150

1.0 .1 0 1.0206 II4 .85I3 3040
1. 251.22a6 .176 .821. 2930

U.b .294 1.4206 .207 .193 2020
.6.381. 1.6206 .237 .76) 2r.20

1.8 .48% 1,8206 .2La .733 2610
2.0 .6w0 2.0206 .297 .703 25100

2.037 .622 2.0576 V32 .6,48 2490

Rteport No.>-3D 4415



Frlfor.m it 2,5Ha VA 25 "a-

-* ./0ZZ

.01 .48751 SC 9IC FOR /

0�0 .010
.2 .0975 .1035
04 .1950 .00l
.6 .2925 .3025

.8 .39W00 .400 I
1.0 .45$75 .4975
1.2 .5850 .90I

1.4 .6825 62
1.6 .7800 .o
1.8 .8775 .8875
2.0 .9750 .9o50

2.03? 99 1.00

I!
ii,

4-16 b09t No. 09w187D- $
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Arom fPormik (6) pame 24j, A 3b

L (- , 1 1 teor-.• .+++

Sx t

... + .... : .. ..

LX4

*u of C-C

F~~~~:... .oml (6) jw 5,A-

r. - r

TABL~E -9

6.8 5.758 5.030 .0545+

54. 6.147 5,, OU, .0476:

51, 6.89 6.162 .0,446+ :.i

Co~~g~%&?b+eIs..Neh-

60.r".'o r.3- .8 3

tABLE....

62. 7"0• 303" .0418

6 3. 7.41 .0-40

Rwpor& b•. ?5';-tI-D k4-17
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~a e4~~x~*4Af

It r ru (ir pa(r, -a

w t -W315 (puam 4s-21) m'= 04 7% s1.
rF 354,000 1,725 r m1,6710 (p. h-?),

C ltrlt3. r~b~t 55, (rg~ 74-6176
Obtin Columan () Milce by intewpolating. within TAMleIla A-348,#

t .0031!5 it "J4Q2 f A76 Y7f z 3r%')J

SOWLUTION FOR t

r* ' ) 7 4 671(?53) CW80038 t (Ssnnd.*)

I.So .693 %.%49 .052? 706 .003194
50. .,485 74.4927 .1249 .00010% .003f5s

-5 2. .678 ?4.4 2 4. 1.0 -.0016 .0033104

sh. .67C 74.35o6 .2672 .000294 .003371.
56. .664 74.289? .3279.027 .035

60. .6076.11.26 .4750 .0003"9 .0035It9
626 .64. .0753 .5423 .0004855 .0036
63A) .6h0 74.0-104 .3872 OW04892 .00362

or53 zrrw Qo1'nt (5) Table 4-e3

m-1 -eor fi.- -- z71

afi



S,1tflý11 ttflSM -W~4f
ftwd (MO1 part 17# A.3L

51~#3 froa3

ax.003 th97 L2.1202 1.61&923 1..%kw*5 .0VU 161,7W
50.0- .0%1la .bcbO t.,c%3 T.6292 If.32ft 25% .02110 14000D
5210 .01395 b.,586 7.694605 L-6083?6 T.302061 .02009 15,100O

540 0 1 74 .b0163 T.679 S2 1,603M2 7.2832%14 .01520 1J 500
56.0 .04.0 .39t03 7.662 758 !A5e0i 1.461%&2 .02826 2,800
58.0 .eOb6 .39337 7.649335"rS AD t%4b0 ."137 .01751. 2,t20
60.0 .01331 .V309.% T.63t4 7? L%9033t 11.224W81 .01678 12,16M

W.0 .0416 .363579 7s62176 74.5863 50 T.207526 .01&13 12,100
63.33i.l QUh .36356 1.612761i 1.583,833 7.I19667 .015?#7 U,09

t~pot N 4 U..~.4-i9
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8..o .693 ..V7 7.62 x206 2710
50.0 .68% .31, 781z 106 a28W
52.0 .610 .322 B.sn z0 26301
4.0 .670 .33D 8.19 . o 2860

£6.0 .66& .336 .15 z o6 2t92 0
580.657 A33 .40z306 VM*

60.0 .6D .35. 8.68 x 106 2M.0
62.0 .6)44 .356 8.87 x 06 2M8
6.123 .640 .360 9.Woo 206 300D
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tie Crdinair7 Prtd lems of Zxat.-r.Jcr Ntl11aIscos 0#7T-24647).

That rrtneitoe !--sd Pre ltc'pd directly? In the tftt as required,,

2. Mnt Rrpert of Div. 1 Volume 1.

Mv'pewniocity Gums nuw tte Ccsntrl of Oun £roeioue

a . 7*1* 2v pr ao 143 -- Sws=sry of Results Nvrtntnling to Don Friet~oa frn

flla hree Ineh dnu.

b. NrAgrsph 5-5.1v pnre 11i.

o tafl* 3, pr je 62 -- A:pr-c,.imate Volues of Nrin~g RaWo Cowttnit,
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As. mt~rtdiw4 k eot5.on3# t0e PrOeofll is to have timPo pengaved

~toiatig utctantn st¶1 or pnjnwtilos of this t de &montntat the

tiM &tof tV i wAnm ug on~rlyj fbtnvt 5a), 3omnrr, intendm yaw Inth

p~s oo IzC~wA omAtteltbJ% wcidtift qrngtl7 Iuarcaed lauuc)abigcn

tie. and 0TW3¶24 Cflahfl vr- (t aNQwmsIA

at~ominrtsg tgv tm,,* oftpro$stU ts beb uA4 (finetypewitha 10

AlCt~r mu.tZM ogi) W~ Th 7 apyncn to ii. 6ckmwn't tkt ibmit shape thee-

tie Type C fro latter l1a a 'hoA~'er nntoin ofTt 'Tfl 7with te eam* oglve btt
a. &tfr t bae. It is uzndestood that th& 30m 16h4 fm pzwjntile is.

orw~iftiv4A t^ ' of ?yve 8 with. a fom. fctorkwloflat idn±2*ft ýf2o
f*n+. per 041'nd. Sine. th 37mz p-*joctile has a£10 casibsxý mtes giwp

v~ils the~ A-m' p~vjnt11e hs an ogiral ma~vs of 6 calibers, it is noaaomabl

t ~ a fatr17Ofl1.0 to th3-former (RfteferncSe)*

riterior bellistic ftnctions ane to be cwtiasnG ac thre. 'A~iftenntl

u~~ti*)*"I$ V93w, 000 lee, Wan &s.000 Aset.

Vlew psed.a: Ui& attadtte& xlaz. V. is &as fotlovee

At at& level 7, mata 1.(", 1120 fact pe.- second

At 20,00 &at Yg macit 1.35 UW l~jo IR per snotrx

it %0#000 feet Vr mach 1.50 a O 110tet par scond

bp wtr. 07-367- 5_1



-Th 'net s Us tad an ,Wzia&t-ve- waot or Sound (a) bein~g .926 at W,000o

tnst and .870 at 60,000 *ooaned ta 1.0 -t man towl.j

ft VwI*t4w Air dsniWr piU .533 *t 20W,000tstj, VA .10 at. 60,400D feet.

Vegh MUt ofpwojtilo a' 1.35 potufe

1*L35 m635ateea"lsn
47 TauX.IUZJ.14.

x1.30 a. 2.1200 rs

Cymr4 2 6* 635 at 60,00 fbt"

!ks it is possbl to bGZme Uitet tabes, obtdAng Sir awl. CF) and

the of ftIbt (t) for an± tam altitat omadition Wsag tim air weloctt C#)

as as @t Urs argoUsW

Siest"m Vale xwevodtvY a. 3000 toot per seoond,

Vo a S0o+lI0a6VAftot perf"Ouat601o0Mbrstflitita

Is ) +00 tWO a JWO hot per eoond at 20,000 bet ltitads

U, a m)+00 10 af4t12ltont per"snod ats"A lmvl. j
Boost total uir travel P a([S(V)e (U.)]J z07ee tootAw wnVlottoV Ises4

twan ti otgoam alt "A1 Va.

ft time of filb (t) to obtals4 in a aWt~r meaerm

54bpn1.017j



t~-74

TM~: ::~ Zia pc WTnAoirsfr Type 7 proJectiles are usda
N~t'S: * air trawl at f!%4000 f4*t altitife

P2 air trawl at 20#000 feet *ltItAik

P3  &4a4--'rael at uoa level,

t2 time at nlight at 6,000o foot altitude

t; tIMe Of flight at 20,000 feet Altitude

b= um @f fliAt at sea level

'el

E At-



ZI

UEZY OF SPCE AM TIMt PVNChM FMR 37M MOJBOZ

(U P, 2 P3 (V tlt
Ia~tal~ (intl Lint)t) ()"ý ii ssee? (alai (be) (8.,) '

446 13,047 0 2.43o 0
14160 11••O3 355 2.443. .08 .
4W.6 Vs,769 710 2.455 .159
-14.3o 116 1,070 2.468 .202
WM.2 13,873 1o,35 2.61 J.25
14.10 13,020 1,704 2.493 1.400
MW0 33,986 24150 012.506 .1.83 0
Oft0 140,09 24,75 135 2.532 .649 .033.
4360 16,212 3,O6 269 2.50 812 .062 :-
43140 1,h325 4,300 404 2.584 .977 .093

M120 1,4.o 3 , 5,020 539 2.610 1.0 .W a24
1.300 14,5P2 5,050 675 2,636 1c310 .15.

I:.

9280 16,5 6#450 808 8 66 3 1 .- 6 2O0V .1864260 27l9 7,190 983 --2.689 1.645 .218 p
4260 161,893 7,910 1,078 2,716 1.820 *250

4e220 15006 8,650 1,9213 2.743 1990 .282
4M 15,120 9,350 1,30 2.W 2.165 . .-1-
4180 15,235 10,050 1s,485 2.758 2.335 .347 i
6160 15,369 10,800 1,620 2.825 2.510 .379
1.4W is,463 11,500 1,750 2.853 2.690 .4133
14M0 15,577 12,240 1,890 0 2.880 2.850 .445 0
kaM 33,C,2 13,000 2,030 2.908 3.0410 .1.781
4050 15,979 2,370 25% 2.973 .556 .059
1.00 116,266 2, 710 437 ' .0%0 .64.8 .308
39 !16,554. 3,055 620 3.121 .10 .153
3900 16,1. 3,1.00 805 3.196 .820 200 3

3850 17,133 3,740 989 3.271 .910 AS8

Sheet I1of 3
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TAD3 5-1 (OTDID)t V

'aI P '3 7(U) t½t

3.604 1?,t23 4,o7% 41$5 3.346 1.00 .296
3750 17,P714 4,430 1,360 3.i21 1.09 .34h
3700 18,006 4,790 1,545 3.501 1.185 .395
369D 18,299 5,13 i"1,73 3.481 1.275 44
3600 18,59• 5,So 1l,920 3.661 1.37 .496 K'
35"D 18#,88? 5,840 2,10% 3.743 UA7 Su8

3500 19#182 6,1"0 2,290 3.828 1.57 .601..7
313 19,479 6,50 2,680 3.913 1.675 .65,

3400 19,7"? 6,880 2,t670 4.000 1.778 .710
3350 2o,016 7,230 2,86 &o089 1.885 .767
3300 O,3T? 7,590 3,050 4.179 1.99 82Z) 3.
3250 20s,679 7t,940 3j,250 4.271. 2,100 .886
3M 20s,93 8,300 313% 4.366 2.215 .950

310 21,289 8,690 3,v6h0 4.461 2.325 1.00? -
31ioC 21,596 9,050 3AS2G 4.5W 2o.4 1.o070
.3t050 21,6 9,400 .,@20 4.660 2.6 1.1)
"000 22•,217 9,790 4,220 4.764 2.69 1.20,
2950 22,532 ioi M 4,415 4.869 2.81. 1.265
2900 22^,89 10, 55D0 4,61i !.979 2.94 1.33
285D0 23,167 10,9200 4,820 5.089 3.07 1.W.05

N200 23,489 11,300 5,020 5.204 3.20 1.68
--27D 23,813 1, 700 5,230 5.321 3.35 1.1Z
2700 24,%1* 12,05b 5o,40 5.441 3.48 1.63
2w0 24,0471 12,450 5,650 5.565 3.64 1. 70

260 24,606 12,900 5,810 5.692 3.79 1.79

2M5 25,143 13,300 6,0 -I 5.823 3-95 1.87
2500 25th8 13,tI0 6,300 5.958 4.12 1.055

2450 25,829 14,100 6r.500 6.098 4.28 2.040

,.ent 2 of 3

bnpert NO. 09-107-D ,-
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TAIME 5-1 (COrN'n)

U S6j) "I 2  P (It

2350 23114#,90 6t950 6.3n. h.61 2.231
23-0 26.689 15,30o 7,180 6.%h 4.80 2.33
fl50 270251 15,oo0 ?t410 6.703 .99 2-03

flOG 27,618 16,250 7,630 6.W6 5,e20 243
2m5 27,99 7,000 7.040 2,65

-. W 28,68 8,1.00 7.21i? 245 j
gm 28,7so 8,IAWO 7.401 2.87 ",3
2000 9v237 8,60 7.59 3.00
1950 29,530 3,9650 7.790 3.12
MO( 29,927 9,100 7.997 3.261

IM5 30J329 9,,3554 8.212 3440r
1800 300737 9,600 8.435 3.0
175D 3141k9 9,870 8.667 3.67
1-700 3$67¶ 2,150 8.Q09 3.82
ISO n1no 100ho 50 S 3.98
1600 32,41 3.0,97W0 9.426 41
Ill. 32,0852 11,00 90700 4s.34 '
'A 33,29 11U,250 9.989 4.52 iI

Sheet 3 of 3

13j.4 afliStiCe allied to Combat Condttioms 4
ftr t'- combat conditions outlined in Section 6# the exterior balistic

ahmanotettieu are cocnsidernd at 20,000 tn*t ultitude. ¶
Fn. ML, Note 807m, Fem"al (4) ;• 5 ,*

•t,.
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The egnad of the fighttr (ti) is 1I40 toot per second at 20,000o £set altitado, I
bate,* in order to obotain P eand t,- us. tigtne 5-1. Theas values are selseted
fmt the 20,OW-hoat curve for the values of fctun raap (r osctn.I

cider to obtain U or tba projeetne sir velocity at Impact.. ue figune 5-2 with

For val e t @f& m to tI andu No. ? of Section 6 the pmeent ring r is

cbtatued aeewdlag to DX. Vote 80#, Pomla (4) page S.

The wilocity of tin target ikS In311 toet per socond for the bomber,$ and 1600

feet per second for the fighter. Mm"la for th* Utter case,9 r a r

Ntm~a (5)p page 5 of ML Not ive s the striking velocity T. against
the target an a punuit course

Yes aUeY.,V

bane, the tabl. below say be used fof detemirdag the ballistic parneotoer for

w~abat confitions No. 1. and No. 2 on tVA pursuit omem attack.

TAMSL 5-2

BALLSTI PAAMETEss FoR FuDUI ATTA=

ftargvt Target target
If t r P V ye T

(Net) (Seconds) (Met) (Feet) ("aSe) (Ft/5.) 0P4W)

3300 .535 1W1 2m5 b06 3258 2W6
3000 1.13 3665 100S 3733 2922 2333
16cc 1.82 %7 2 7050 3312$70 2M8.
6m0 2.69 7534 9760 f05a410

Report We. 09-187-D 5-7
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IsM ,yo..... stability was dotenmsW by the mtead outlned in BM

?e*ndcfl Soto 77n, *Apndix IV -stability Calulation.

I3

I ~ ThU we* detsrmind at sea level conditios at thte susie5  PAU other conditicms

wai*t show an increassd stadhity factor, S, kansas

VSO NeM at/second aid U mk4120 feet/second

I I * Axial =went of inertia, lb-i$2

V Calibers per turn rifling

T w straverse toutn of Inertia, lb-in2

d as Cal4ber, Inches,

I!

X a trmal force coeoficient, non-dimeneionml

if h a Distance from base of sMhll-to center of pressures caibers-

g a Distance from base of sheii to etnter of gravity,* caliber*

U a Initial velocity of pro.ectile relative to sir, fet, per second

w - zustle velocity of pro0eetile, feet per second

, .653 + .0223a - .6139b - .00,o* + .2635d + .6L76 (1)

hw .014?' - .Ohiba 41.019t + .B032c + .245%d + W883 (1)

a a angle of boat-tails, degrv'ea

b - length of bomt-tAil, colibers

a a length of Cylindricul portion or body, esliben.

• a o4wl radius, c*alibers

/ 7-

Report...... ' &i ½ . . " 7- 5 ..- 9 4. . : " .: ' " &



.s,3w47 lb-lu2  3Ew
7 4.72n11 -in2

1W 25 n~it~ers per tarn riflig

g-2.26 calibers
a 1I

a*w 2436 calibersI

d - 2.06 calbe•rs

*a 20.0 callbere

•rpin considering the' hespricfl shp. of th. projectile btse,an eqdLut -I
boat-tailed motion of 1? was miected, .40 csaber long far a ant b, in orftr to
vas the outrfred matthcd to obtain Inan h. ftUi is believed to be a @@netn*-
UTi* assumption.

a .653.+ .0223(10) -. 6139(.40) -. 0024(2.36) 4.2635(2-06) + I II(lb
Kt,u 1.2321JJ
h - ,0fl? - .0"3(10) + 1.019(.40) +0o32(2.36) + .2459(2.06) + .83(T)
h w2.52$J

=Wq 2.Zt xIC05x4 t 2A
!v A.*2 z .4 x I.'232(2.52$5 - 2.26) 1420

8'2.02

this stabilityv factor is satuefactory as ii. ex-ceds the accepted figure

5R N 9

•_ •" • _ "- ""• .•. • •, •k 
." .9 ..•5 
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-nF~-

FfsTr m ? chvn Rcpcrt of Div* 1,* RUMA, Volum I -e f~yewfloty Owie:

Rtft*Pont (5a) -eP Nrornh 27,,3.3 pare' 528

bfrnnce (5h) -. Nngraph 27.3.2p paro 525#Ai ~n* Y ro per* 529

From Projoet §'om -- PJp11estien of Exterior Owi Rallsctice to Aeri4l

Ombflý t7~ J. V. Throwc. P*1ieed bvr tniveni ty of Ctiotmo, tCdfat~ flnesreh

so. I. n Aff-9342624

boftnnoe(5e) ae Afsdixj, Standard ProjeotiA. ?yps

Rftftey (5d) se rrAntlY, Ttt.e of Altitude Flunctions

Reftemoe (56) -eTable of Sicci. Space end Time Functions for Tqa 7 Projeot~e

Repwt o. 09-IAT-
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7sfl Cme laid, Nwt~t Caine - 710 vs Bomber

In tax~ can, it io &*=aft that tin fighir is ac &otWpvm

COmUn~t I&Off tin til. ?t Is -U Also tint VStin PIAM pluiesX cot Ofn

11M 'of ftight of this bmor *me tea fighter tornM -4 aleto 30r. fu figter

is gassemd to be flying a etrsAtht line natbr tU= a curved camxe.

MU pes~tter* Use 1, tUS PI nla&aininM M% those Set VPb tin abe06t

canaditon specified eteat tine which an <*tnuirn*d byti nv uapm nmsMwzi

tics chose. nurts tor .WNles future M""e, Plans vlctedsein

tinw of fifln,# eftc. ar, tin* see at-outlined in tie original =I"e.

ince tVe wsapon chosei does wot lend itself to firing matjtfld Un

eauullmnt of asnuttion, kIdi2 pnoba~blits have been sbhan for catoehadfe

on*-quarter of the total umbher, of rounds,# as weon as for the Wol caplenmst.

It vMiialso be shown that a higher kill ps~abfl~ty Wa be obtained bg

a longer tie of burst for the sow wxaber of rounds, and a alishti reduce

dispersion patteit. Hanover, this is not considered in the evaluation, which

ia band on 1.0 second firing tine and a disperson of 5.0 oills 50% circle.

Import Ifo. 4%Lblmfv6
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tt
a aunsla ofnt of gn =o 3M /se o

i• .ngle1 of intnlction of pl ane oflightm30*

:• ~vo *nu~evlocityottightsrslk of t/ie

UQ a anitial lo lolty of prtettil ( e elatir) to a W$flfte

Ita inii Veloity of project ile - r0elatict -- mt/Seefn

V8 a striking velocity of projectile at imPAct ft/- o

t a tim of flight to target - econds

rP 1naet ran - feet £

rf Mautre rage - feet

P a total air twine), of projectile to taftita feet

V a wiltt of projectile a 1.35 lbL

R.I. cnt•n.na 0.o0 lb of Sa

tc mnnniou foator relative to IN? =1. 5

= 18.-46 ull2, at " .8496X radis of SD% circle

a2 stwana deviation random error (round to round) -is 2

a; strmnde deviation sys~mayug error (bias)

T t~m of burst a I~ second

AV vulnerable 4na square feet

6.4 Report Noo 09-187-r,



probabiltty of ,,fnt 
I

P& fl.1 probability =i
Altittde a20,000 rnt

A~rtNot,(Yi187- 6-



?ARBZ.t 6-4•"

SaanCmbat, Condition Me. I

taIl Cons Z.M1f Nravit Cow" -. ighter ve Rotor

(2) (3) (t/) ((6) (7) (81) (912)
.• r~t t r P V/ Ve ?IN, A o•oh .i'":

0 0 101 3661 AM80 373 3 2 1i1 (12 1.63 •i
150 .535 1815 229D 4069 3258 .779 U34.0 123.00 122.43

4500 1.82 5572 7050 3381 2510 n72 122.5 1O7,.fl .993.611
6W0 2.69 758hL 9760 3W5% 2194 .682 ?. 27. *31kw..) 5%e AýS

(1j) A(712) AQA) (3)P(1 l) P (16I) 1

UM0 1.262 53-.0 26.602 13.301 Sfl .978 .950
3000 1.225 13.892 6.946 3.4a3 .948 .885 .76% i
4•500 1.235 5.721 2.8W0 1.430 .6 .72 .52
6000 1.202 2.886 1.443 .721 .72 .52 .32

hor solution of colnum 1-5., see Paso 5-7 1
hor solution of columns 6 and 7, see Pag 6-.5
Por solution of Columu 8, see per 6.6
per solution v4 colvan 9m pa gse 6-7
]Pr solution of tolum 10, no* pae 6.0 "
Pur solution of colams 11--13, a" page 6-8
Por solution of col.,s -- 6, a4 p,, 6..o. pae 6

For PXcumv# against pnesnt and futurvx~esnps an papes 6.18 and 6-49 n~apo..

tholy.

64t Report No. 09-187-Di
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V2t

Lbt :1.5 )m.60(14.n0a1.5s (1

For rf 1¶00

Tom)2%8tft/fl@ lutoquir..60 (l1 w +~
3.55z1

*.60 :.9m.1 b

U ~ 2
va 2922 IV/? lflqulv =60 (11+a 2

lsy

-.60: x t 1..241 ni.

1 91 m2 vtss. TNT equtvm r-#6Tmawn

60h z 1.186 w ng1 lb.

'v 02194 ft/a.. TNT equiv - .0 ci, - 21916

-. x61.i136 a .682 lb.

Pom BRL "epr% 80# Curvrfitgura I# Vu~ebab ean& of bomber targt 4 to

TNT9 Lbo Pvres

n2128.5

.682 117.5

ftport tic'. 09-1d?-!) 6.5

CUENIA V.



p II

hro 94 Riv r M 07 fn ort P n 250 fas
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a a. a a 0 a ~ t a a ao hot- - aaaaaaaa

to a fto.296, a P* %0f 31t1
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sebtica Of Cla0 ) (a oncs ins atrfSaej

frM 8ReIport So7l' fovaa ca post 7*

o~~.03 a V.aaaaa an. ftfaa a.a. snaaaaaaaaaaaa

h~r nr 100fteet. t ig.55 rsU15I%$f 225 ?jAStt

a aaa aa aa a * a i a 0 a- a a n a 4a a *a IM a wn a* aw am a aaa

ftar rf in3W0ft~t, t 1.823, r 3665 feet P IkWfastt

aSIOC r.O-MtiOz3t124934+439.3

30.20 +f3%,35 432.60 s.
2  

.4

ftrwr. adO50met, t t.69, r 572kfee% Pin7Mhtoo

C *1x 9jM x 3)']4+19U8(

*t r.0 &M .owt% t wn 69 r 75am% o es fo

02 a tou1,1-49- + +is'

bpwrt ft. 09-187-3

__NWJ



S4uttiRn of Oouts (30) e

* a a * a a a a a* a w a w a'aaaa aea-aa 'aaaa

FWWfS ft A1 Mll0t, 1u2 3. 0 ,1 2U.4~3

a* aw a af af ao A* aaa aa. a aA aw a am ao a am a aw aw ao ao a ao a a aM aM aM a a m

?rr~3G.A~US.%, OP~.63, d2'awN.6

Nrr~i4%¶3ftet, A, 12,is2??,<936

1X

he rt a6M0 feet, Av 7.51?, a 23)h390 a a.8%

fmML bport 80?, fowwual~ n Papo iu

AA
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or-.' -~

t ,s pa•5 •,ts A z =Lo,.., 123.0

Ing a53.204

A U ffl26.60
Of 160)

A u~k!*13.301.
(sa =90)

lNrin)0 n AVm18fi Ia )m J l i 285509.63

(At  is0 h 360ii428.fl 13.A92

3610) +A

"• ,A "3.473

(cm 90)

a a w a a as a a aaa a - a m aa

- vt UM he6oo tt, A1 - n.s, 2 - 120.57

(as 360) + 6 ?Z1-6 AS I.03

A 2.8,,

(w us I" w,(ar r 160 2.06 AaLI,*2a23h3
A aW a a a--aaaaa - a aMa aa-

A IJAI
9"0)

-ITA -- -- --

.; -, 6-9.. ..
CWKIT14



Soltion to ammL])=1.

Mawflg the pnramtan A an /,It tbeOrn A ciaple setter to obtain PIC by :
findin R fra omfgro 47 of Pfl Rapert M462. SinceH is the probability of

veo MiU on & nilnerable are&, PK beouta 1 ' Ho
--------------------- - - - - - -- -- ---- - -. -a

For Ful oloa, = 1.262. A 53.204v 008

r 15W0 Ralf loa, * 1.262, A i26.602, t ,022 .1
Quarter load, # 1.262t A a 13.30, HkO a

a a ,.-,a.,----�,------- ------- -.-.-,- - - a - -"-

I ,

-- A

Fr -t~ Piloadi, 1.225 A-6a6 1389s o ls,3;
r 0P

Quarter load, 1~n.225, A a-3.473v =0 .235
-a -- - --- -- - - - - a -a - S a a -NO

For Ftlowre, j-l.235, An.921-N Ra- .

m1

r6 WO aftIcedw jwl.235,1 A 2.86, w -. 28

m%

Quarter load, a 1.235t A__!_;4s30, no 8 w]
a aaaaaee--- ------------------------------- aaaaa a

Far Pail lam. f 1.202s A -2.886, 0  .281

rf00 Half low, 1.22 A0Jr N 4

Quarter Iced, 1.202, A -. 721,. HO a .68m a a a a a a a----- ------ --------------- a - a a a -t - - a - a a a --

• .i

L 6 .0 

oo. 09-187-. 

.

a a a:"; ' ' : a a a



t I

The pevious eouttat owc ideas ren~al high kUil probsbilities for fu ture
row* up• to w• inelvding 4500 feet. ••

Furter euamination revhls that the kill probility way be at :v a:

ra 60M0 feet by dWonr tg the rate of ttr, wad d•o•nnisg the raius of the

50W etrole from 5.0 mile to asm lmer fig.e. That Us two sm nmuer of

ronds fired over a lonter period of tim wIl Improve P1 e0t"Iadebl.

The following eombinatt'ns flU be considered for rf, 6000 fet, with K
aUl other conditions remaining the m st the original.

a-. T ,, 2 ,0 reedatdiua S" irtle.•* 50 mils

b. Tm a2.0 see, radius "0 circle = 4Q0 miVe
a. 73 2.0 sect radius S0% circle a 3.0 mils

d. To 3.0 eve, radius 50% circle 5*S. ails

*. fo 3.0 sot radius 50% aircle 4 1,0 mwil

ft, f 3.0 see4, radius 5% ircliW).O mils

0M ",to ?m2.0 sns IC 5 1

(30 Pap (1,4 +( x.0 x91

6.) 2 22. +2

~8npmr64) a 9($01  $w1 5  9. 2*l6

41h 4

(use proe 6O) 36 x l~

(ee ves .9(a) A 360. 2.503K -

-,~

A *s2 m.503 %125 .1.5 .55

A .626s~c *g8 32
Cua90) I

Rapot go. t.7 -D 6-11



-- ~~i ? ,...~~# ~ & mfa < u t

MAO?, + 6._x 25 .1,.0 wo.-a ++

I~j +l6.202jzlM.% al%*.fl
F n &ttlhn a.A U a M50 2.506

a1 .M2 C .36
(nag*)

Ma omh. .T3 2.0 >todso CP $ 3,0 ails, o• 6.4097

s 1j7m.87.k 3

j ?. ( 6 .28~f2Sz.x157.4 2.

'4- 178.8 *

8*2: 15705.5

N. I.

3W n:..1 . ..,;

A h-fj~jjftjP~fik23k .23 .7
(a 360). U7*. + .• .x. .•T

A 1.058 .605 .m9.

a a 0 a- a a a - -a - - - - - a - -. a--5a -- -

6.12 Report No. 09-187-D
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L0. ++x_ x 2..-976 3W7

SSn papts 67. •.,

S-6;L•g •g • -- :+

aa

A 230*21 .79

A a to~~W If-tO )•+

A u a .575J .67 .33

Condition . 73.0 Ouws, 3P'mk.O0l ins an.54

)w (f.LIk9+ 25) 9.762 ab 0m8 .0 tA.

be Condition 6.

33sl0. 72'
N..

its 06,26Z x' 13.4-2 1.7"22•

A - , 2.915 .195 .80&

A i4.IjA%? .4~0 .604

A u i.729 .64 .36

t 2 i

t Reprt no. .6"?'6-13
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~~ntitc .0I t sewmtut CEP m fa lj0ads 6.4 9

See Oo..ditim d6,

2 .131*72

a 1.363 1K
A~~~H * 6z1t x.

(a 360) ~ +*zzzF96

180) 1l.842 .39 .6 i

(n90) u~t~ls~fl~160 iaI-

• "1'

.fi ." s.potNt 9~7f



?a1 conm ?ad - NtnUit coew"

" upte vu ite

LU nnStttoss mr the son as tor Oozditio No. I (Bomber ?arget) naapt

that tho spse of Umw fighter tarpt Vt is the*a as am s~nd 4f 1&O* btt

per ****ad

son" rts r.

Seep 6-? for nxplaation of jtoma ed va~sse.



IOcaat oltto N,.o, 2

Tell Cons land, Nrsuit Cairn flgbtstr vsfghtar
(1) (2) (3) (4) (5) (6) C?) (8)

v 2A
r t P aI a TPTq w4 '

1*0 .535 2290 4*069 2669 .m ?6.0 U3.oc 17.22
3000 1,13 $80 3733 2333 .692 75.5 51)9.63 529.78
450 182 ?MO 3381 161 .66, 75.3 12o?.? .1.8.':

60M 2.69 9760 3005 1605 .6M& 75.0 2314.39 2272,80

(9) (10) (11) (12) (13) (1k) (15)

if toad) Jud) LoS) P M1) PI (1/2) ýX (14

SoO M789 32.238 16.n9 8.060 .91 .90 .82

3000 .985 8.2941 4.1417 2.07i .817 .76 .59 1

49M0 1.06 3.53 1.769 .885 . .55 .35

6000 1.023 1.8418 .924. .1*62 .56 .36 *20

For solution of coltuaw 1-41, aee page 5-?

Far xoluton of coli"m 5 Ad 6, see page 6-17

For aolution of colam 7, see pap 6-18

Fmr solti '.& of column 8s.sne page 6-19 "
For aolution of colum 9, ae* page 6-20

For solution of 0o01= 10--125 see page 6-4.e iJ

For salutior ot coans 13--15# not poge 6-22-

per Py nm Ow v'sg 6-50.

6J R I'
I



fm an Report 8047, formula (ni) pap 6.

k st=eqstv J01.5 .(1+ a

V2V

S. •,wr6100 ft*st 266rey-.6 12
TNT na a a a-0 lb.

0 ft/an
n*.60 z1.201 me 7•1 lb..o

Ift .0r 0 tft I sqUIT .60 (1+

nV*105./~ "3z2

To .60 z ,0.. , -. 666 .
Wn Repot 607, 3urve ftur 2:

Yin~bl at f igao .rrt A Is a ,66 fo lbws:

potm L. Reor 60,6ureF7ue2

TNT C -- ENTIA,,L 4~r t
72 76.oa



ki.Vjw

ram bport B07, torwl. on Poe* 7t

-K + (f 215]

02, t.296 (Yi•)2

r fighte target is sae an for bomber target ("s pop 6-6)4,

• I

6-18 epor weo. 002187-0

-ONIlENIIAL

- Aa.



Ine OM bport 807,, ftrmula on PvR 7 (as cormetS) t

ap It 8 1 0 0 %, ( L+,8 12 53

SAl 1-00 17 Vtm ILCO ft/sea,? Ti ee.

horr 1%00 beet, t 435.go, P'2250 feet

a *.Ow + .00518 x 11.252 51
a a6 a a 95 a-.1 a aM4 na aaaaaa' aaaa'

pbr r 30W fft t 1.13se P 4580Sft~e

*2 UM +li 0

* eoo x .00836 x2+ 3214-3
u135-0 39 M.35 rt-7

Fer2 sO UMe %_1,82,3t,.17Z6O2n2

* 8100 xt .00966:x 3.25 + 931aJ41

* 25630 + 93k-41 - f88.71
Four o 0000 fet tP".9 n 976 fen

61W (VO x f t ~ *:Q 60006) 21

* y100 z.01191 xS + 1790*85

a b~i.fl 4 1790.85 w2272.80 [
a- aaaa a n -- -- -- a -a a -a - a a a -t -l -- -m - a a a

bpect go. 09-187-fl 6419



........ . ...

a a a* 4w a am 4a ao 11 o aW a 0 a & a WAD a af af a* *a p a * ao a* ap a at a a& a

PbE'#O1%A U7eA 6a.00 aflS @11fl.2

Is #Wowj fibsk~ tmt-A 1.

asW. *w ft.. "wow 0 aaeamn me.

a a a& ao ft amea a a a0 -0 a a a aw ab am ap a- a am a& 4 ak to a at aa a aR a ab am a *a

am fsto V *60,0 2-wg~lo
1.023

tw~f ~ lm mi- -ma to40 m - 4000do wqw 0* * ý Mqf -W W -W40- ýO w~fswm w ý &4w w .. .....



A vt

+ SM321323.

A

(a 6y- x=TT.r

(R~ 6)21



-.' ; "ii. .. . .. *,A

lo~t 
i-I,

" "4I

ii.•a 10"z • il *9• A - 6i.iiv No - .6 020,

f'* tofl 'sA? at

SafA

,t - nkfttt • 60" A-. fo -1 so

toa l a N aa am m #a am as e me> n_..wo m e . . a- a* o am wa *a+

Pwn~e jc W te it icedZ U JO[

Kawr l 1.026 As 1.4.6 - .16

hr r a300fetn MI Nl~osd aA1.023T 3 -. 2Ralf load jsl.965 A- K, M o -= 64

hevektf. Fuload 1si023 Aa .462 No, w.

a* wo N& ý wo

641t~~z jReport go*8 09f 34

i naae n nu ne a n a a aien -l ~ sa - u



inteamsA *I~ the~f bomber Sre 611lP may be increased by

mongr taft of firing eM d**v*ies riaus of 50% afltl.

* I~TM foflowing oosubnatten will be coussidend for r , 6M0 feet.

T. u'2.0fleo@Rds ltie of 0% anlresa3.0w±1

* b. ? a 3.O0 sa , rM-as of c1rcle , 3.0 s:-

gagua a. Tsaa a a. -EP a 3 a las a x -aaaaa6aaa--- a-!3 1

(6.297 + x x 9.7 2 SU-4

<ud.5(t"a22%)z9.76; In~O.82
j 5* 4 .4B2:l15147a = .829

o K &
Af an w.1 35 .3a 3 282 .....T.

A a L. 13 .58 .6S

- A .71 a '679 .5 ,.25
9ut0)

-eot ft. 09-i A 6-23

- -=



T a .0 Cn, n 3.0 il WU 6A 7r'1;

.+ .( 6.. 9 7.- 9 6. 

-+,.6 

*-

<ak1.9fl+ (1132%)2X9u.0 -1672.61 r

0*202______ X 1.0890

... i.. 'W.
(aS ....., 

% 
- [ .-.K

A

N a ±90)75%
W 0 M a a a a a a a a aa. a 0 - a.0 0 a a aW a " aa a:a

,~~ 

m/::;+

6-* loport-O.,09-----

W'O

S+. 

ii.
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000A? CCOIITZOV NO~. 3

Offset Collision Course -fl~thtsr vs Bomber

All conditicue rnd symbols ore the s*am as for ftrauit Attack (pops 6-2)

except fsollos*

* S egl between attacker's path and target path=

path•+ -- dere

-Ct target I•
I a lead angle at t~i. of .1re -- degrees

0a standar deviation of horizontal bis "s

2 i:?
*2 standard deviation in Verticel direction -a iU

76

hmis-axee of an ellipse ewitpvleft to YtlnerabI* target areaS feet

•rf
I expected number of kills if there were no b•as

ta

C1 thn C7  COcironents of horizontal bias standard deviations due to

iperfect input data, residual tracking errors, end

R a r.at, Ao of R.0E. f' r meight to projetile weight

* 'ua ulnerble ares readt from Cures I .fMMRar OfoI(I
5 * -- s squmare feet

A T n vulmarable ens for any at -- square feet.

. .. ... ... . "6"" ". --



Cftn Cllsoa CoArs"- 4?* Orr Til., flgbtsr vs Doter

1 p.4 t-sc.535 1.13 1.82 2.69

2(P. &h) p-aft 229D 4m 60 9760p

3 (P. &V '-ftn 406 3733 3381 30

4(p. 6-28) 3W nft/se 2Wt 24 ss

%p6-t9) r--ft 2w6 3"8? 69 8310
6 (P. 6-30) $tin0 .812229 .82166 .834 .8%oU

~.6.30) sX5)4303 .26M5 .171n1 .1a28

a (p. 6-n1) ST .qiv a- 2b .810 .714 .m3 .m0
Pn,) M.aq te 290 282.5 215.0 267.54

10 (p. 6-31) A1 .eq ft 333.0 .328.35 324A42 321.5 1
U (p. 6-32) -3-5 -3Ol 8.80 -3$.9 -38.81 1
32 (p. 6-33) C236.59 .66.5 88.13 M8

13 (P. 6-34) 03 25.89 10042 221.78 3*217 j

a4 (P. 6-3) *4.981 30416 -.336 34*0

3s (p. 6-36) 0;51,37 MUJ~ 145*63 117.u I ~

26 (p,6-36) 26?.h2 50.46 69040 82,7$

1161
64 p.6-) 807 hp9't 0*4. 49-874

28~~~~~ ~ ~ ~ ~ ri -8 v; Uso s ,9" So to3



+• : F?..:.ii19w (p. v-E) )m•0U,,9 6,25 20 11,o000

20 to. 64M 126.56 . 12:-2.5 2381.4

21 (-p. 60.9) 8 8.97 3W.6C 8W.97 W7.95

22 (P 6-M 1-35 370.53 MAIongc,

23 (p. 6-,•0) a 32. 32-3 32.- 32.-

21. (p. 6-W) b 3.23 34.9 3.1-4 3.U

25 (p. 6-41) '432,1.21 304807 29,019 27.020

226 (p 6-42) 193.D3 167.23 Cr3.68 A4&7,14f

{27 (p 3 15-258 7.1%6 54.32 3.819

29 V -3 M .7 .6 1.910

29(P -4) .84 1.939 1.283 .955

*30 (p. 641*) 01 4.0.68 i)4.64 4.115 1.1Z%

n (P. 6 4) ,, 72

32 (P.645) A .909 .92 .86A
(1.a360)

33 (P. 645) A.105 A41 .O .

3u (p. 6P* .52 7

for was c ar" m1tan 6-4,# page &651.

%pr k. 09,-Ifl-D 62
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Lit t

II r•

i's

r 1 W Iltet 7 a 69 fmtn pernocut

At fo te pr secnon

3m -30ftat, 711 fltnat psr e~sm

I .1

Sau +f peý -sno33uz6 x.071f

-I fast pier U 1tps
hr t ftov a 3 1 f t "nm

Y* a (81t+3M12'e2 z33818ritW

a IM6 feet per snwed

Ia a00 Net, Ca30? 3005 xe 83e1 x .o7ni
a

a 2b99 taet Per secnt 4N-
a ~ ~ d - - -a - -- -- --- a a a a- a - - - - a -t -l *

a11
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r0rr'Jy

ItI

*%V r wtt29 + tf +vft)2 e2%vtrt%?,t) .MC 2 2A F

a a a a a a aoa.a W.ama n 4 .- ak a0 * aa a a *A a00 -- -

v25O twets t fe S$30 noecr

+~~~~ an o z5" 17(5

1966 feet

rr is )m et ts.l3ncosaae

1~~~~~~~~~~ 13)2 zM+2o .322S .3.0 30

r 45b3Ofltat. tuI082 oncM *

r 60tj feet, t a2.69 soeoada

rm((8uxz2.699 2(6000+ 1a00zit2.69) -2 x8f x 2.69zx.170760M0

+ akOO x6)3

bpewt If*. 09-187-V 6-29



itONFi 44NTA rI-r t,-

SN.Z-r --i
Prom fL so?,0 PormaM (a) pace 5t

siuinV

ammmmmmmmmmmmmmmmmmmmm -S - - - -- - a - - - -e a - --- - - -aaaaaaaaaaaaa

M r a a u a a a p a ai a. a0 a1 R C a a a a a a a U

For r. w 3.•00 tt,# sin W8 6 ,

ri. n:: :ootA r::2
I .83431

up- a i aaU Saa- aao aa 5 aaa-

eItt of Un _(7)_-, mm .i - "

Trot S SO?, fal (9) p0r a,

T twidns[

rr

r0t . wm.15603 ý* ý ,.a&

Ni'~~~~~~a 3Al)f~t i ~ fx1x i.t2 x12

h~r rt" rI•0 sin• 'k•==,1 .-

BU 2

6N

6-•- • : 3O bp•l~rt Wa. O9 -18 -41 "I

!,



.r "I.$ I•0Ib MUX

Pm BRo 807, formula (1.) pass 6s
1,2

TIRT 3i (lb) - ,M (I + ?•

For r= 15sO feet

Wtq tqtd' a060 (1 + w-~ y 352 7 80l3."a a a a M~ a a a0 a aaaa asa

For r3 3000 tnt
TNT tiljy a6 6(I4 + 74f2

10• dos6 1 •73Par rg 1400 feet

TN ..... .0 (1 +a.. a-5) s .. . ..

5? Iqity 2.60(14 +A 0
uu .70 7v 4e

soluteo of Lim (10) --

Irem IM 807, Porawf (10) page 6:

A mA' (Wuin a')
a 0 aM a0 aeft aaaaaaaaa am aM a a a s adoaa

UM ,'50feet A1 -290 x1i.tlxz.81222333.0eq ft

Fwr ar 3M0 het A, a282.5wx 1.4.14x .29 a328.35 eq ft

For r• a ,•00 ftt A =275.0o x i.61 x .8343 = 32•.42 q ft

ftr rf a 6m toot Aw = 267.5 1.414 x .x801 a 321.5 sqnif
bl . (#167-f



~~AM lha ~qL8?,•e

Pram ML SO?$ par8 s]

Ci(4 fNUV - V1 Xr -rf, mme X) r,(r - r. too 3
---- - fa a a - a

For r'.. 1ZO " t

0 1 iS&ý.Sf(.053% -U0eMO)(CW-196100zx .9077) e2500(2 x1966-WO1=x .9077) 1

ý.1073-UM(397-300z .9667) - 3000(2 23987-3000 -9867)1

i__pb r 4- 0 foot" •

131-M)605-5Dx .98%2) 4500~(2 z6095-4o5: WS2)}

fm 4[- -. at ao ao a* a6 a .wt a*a a wa d a o. a aWaa

1: (a- ) 2 .(300 5-1ha00)(83-Mo6 M x .983)63 600 .03))

ii

iiI"

$j'1

6-32 Rport so. 0918?-D,
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Solution of Lin (12) .0

PromNL 80? pap a8I

ftr r. .00k rt

aft 1 . -m ao -f a0 a0 aa at ao a" ON a0 aP we a *0 at a0 .0 -amt a& ~

fows W302.0 - 600 t8

For -r-- - -% -e

ho {Olei01.t~O~O% oil % 6-3

-88.NT



Souhiftr r, 1500C,

Pra M 10?,O pxg 8.55x63){091M 55+(0-5}

3 Gt(004t1.t13)AY 1(t,-Vt ))t4P( +.3000))

herr. 1OD ftet

* (.004 a 2.69 x 5.33){0a069.uk0)S3.6 (48M 6m

300W 0 OMdW. M.

6-34 (.C01s NO 0.9z4s" (?3-&011S 24 a30)
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icr rr 19YO htn 2*

St S a a {(at 069a-1b ) a53a 5 - 15Va

?or si a300 ftnt

04044 ( ý7 ) f(3733 - W00).33 M)3CO

-5. 16

Prw rr. WOO ftn

SD x~ft! {(1.82i.a so

a-13.36
ab aw ao a aw ao so*Saa as -. m a w a o a t an ab adoa a a

a ~~4~ (,ooM a lho)2.69'. czio1)

bper Pa. 09-187-b -3
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PMpot**t1)~ l

Imr04 LO (1.3A1 - ýn(.1xW 09.l 13

To a n -Saa a a0C at~ S a aM x aW - -73.3 a a AlaSaaa

br rf a 40 fot Cgt (1.O1 x hWo-n3381).u?7 a5W63

Tor rfa 6m0foot Cý0402t.O zkO-300%).137 al17.1h

blutla of Lim (O) Cc 6

wRnm m. Soy, pops aI

C6(.OO2 P) f a"CcatjI

tr rtu3000fnt C 6 .02x580){ 2 jO-J3z1.42h4sO j1 274

Porv 1 a3 foott 0,6 a (.002: x a041 z3.4 )- 16.o.46

fcr rf60400 ftrot (.O02: x976O f2§x 1.4u aia- e

6S3qUort No. 09-187-Dl



MIMS

Shlu~m of Ida (11 0

For 80? 8tet0 0(09 1M 00

Fo r )m r~tst 0 7 S.03(3V3$- 2401) st69.99

Iwr 11 500 tset 0 =.03(3381 -&0o) 59J.3

FW 60D "- c U.3(O0%e AM)M1,.15

Ioutiom Of Lims (a8) to2

r .~ Pst3000 Net id Pest 600 Past

4 e*a 505.4 sA4.e l%250
41338.8 437ý4J- 776.9 10,369.3

67o.3 i0,2i.I.5 h9,186J4 153#,791.3

21.0 26.6 118.5 ma1*
2638.9 9488.? 21,0208.1 38,86.J.2

751.8 2546.2 4-W.8 6847.6

64U,1.2 68"8.6 35U1.9 2316A1

EC02 13,301.2 32, "S.8a 88,35M.A 22434,3.2

bmut e...4?-b 6-37
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free mm- 8070 VoMit (14) pop 9s - f.'

,..,,.,.+ dA~ ,., m No,, fdm+ .,0,,mos W-ft. ,-.
OROr

?or i' 100 feet 34 707 x 2. 384

For r,, 6000 ftt l- (jj a,.707)2 z )2,8&% -M.25

horwrf a500 toot Xsz?07)
2 x 88,1SO a3526.0

Fortr 6m60fnt 020½UI .o921a,o34Ifan1300.o0

wutt,,- of life (20) 02 F
TramMre 0 7s, Porm• a (1S) pop 9, r

Or. (.a m i9 .05x25)2a16-a a a a toot aa 2 -w e.005 a aMa2 a aU i I :!:

o r. m M %ot tG2 a- (.0o0 z750)2 -a 16'.56

T r. a6M- fooet W (.0•5 x SO. m%021,g tj
8

68rr -epr N 0 9.oosx,8o79 -naa

6-38 Rport No. 0o48-fl-•
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Soubia4 .f Use (21) a 4-

Aoo rt30 et 1?3)2xMA 3A

For r. 49500 feet 4-7.0? all x .707 - W r 18.046 86-9

For r. n60 0 foet 4 9,%u2 ~z .10?ej z1B.0L6sL62t93

Scautica of LIIW(22)ae

a a a a a aa aa aa a a a a aa a- a-a - - - a - a a a -

Nrar.a1ui00 fnt u2.2502 z18.046fal.n35

For *r 3000 fnt 4mtsseo t 18.0466a378.5

nor r-ak50D fet 47.05021x18.046 W.8689

For r. a6m foot 9-? 2 SA6ig

Usrrt So. 09-1847 6-39



Wem SM so?* peg 10; -

"ph Ag 8., IT en" fo tcrtbabrtarswt

a &= aaae a -n a a fa aaawea aaaaa a ji

b~ &to4 e7

asa* e at adaaa* an: soL8 ft ms "f M 0 0 4wt I0 M

33 32.50 fat H
7cr r 1. 6000 ftt

T-lu34 f83ets

a j/e~a 32.90 ftta

3.14 s 3-

6-1.0 Report NO. 09-2)7-0



ha RU Bolt flafts (16) PAP ft

aI e + svv)(r, in) -a for rlwOa fir* t~m ' m*coo&i

T~ 1*Oto
cm cm a a fla a a a-a-a- - ----- -- a-ll l a f -man - -a -a

we x 84U7L0.6?9WO AWk09(Ux.70.)2Z

0* co m a 4 c0 -af m 4a0na as a *a a to a* a4 ao YM It on 4 a *a -W *a a

~ 300 foot

ase2 3 6 + 2.2.832 .+(3)33- 2k) 2 A7 2i7072 x

0 161.6$. 42809% - 30j,607

9 O.z7 +3.9 + (33e,.1kO)(2 IU p-?)

*20.+ a623 29,019

Per r. 6m0 foot

4~21 W.95+ 32.9221 + (3005 ahOO) t ( XfW29x*

*10339 + 22,671 27,010

MIR"

In, am dab MIaa



Sol0umk of Lin~e (26)- .6v

fla ~ 00?,* ?owtla (17) pa* 0:

. = 4. b

aaS.- - a- - - ---- -- - -%

per r.= 150 f2t

-2 a2x 91.35'3,.232 193.13

t-13.91

FbP r. 3000 ftetj

2 2 7-3312772

t• - 27.7

4 a 896.89 +30.2 3n303.68

'7 *

a- 5aaa ea m.-aa-a aa
-1÷ .n

2 2
14t xtzlflP.0 3.%? 34a7.lk

if -

?b

£442Repot._o O.eO..

• . , i • -- i i - T i i I i



omtlv-ti" f tin (27) tr•,rut (29) as

lbr r Sx that

(aa a ~ ~ ~ .

asZ a a 3.M' 7. 23

-('n 17- 1Z -
'm a

Plaaaaaaaaaa a 36 a a39 a 3.2

"i+ t~Fwrrm 3000 .tnt..

S. S --

(a ~~

~i 0t nI.o 25,,66l a ).2'.

£1 .K -----

Alo,•' +d v *Cs* 64L

a a aa a a aaaaa-aSaaaa

1* VS IdO tn

.__-$-32

-+(a. .N"AG) •' " " C
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Forr r w om"fret

£~~~~ , 2 4.2f 3.819
fn =0360) 1o4ao7j

(n ,,Olo) 4 1.1

Solutiou of Utol (30) #M4 (31) ec amdO

From MMt 807, pagsso

x .
tw -- ---------------------- aa a--- ---- ---- a

For r 2 13O ftot

SCONFIENTIA.) +

Cu anr U0nh.6 6 ___ Cu~4- 763

for ru 3000 fett

* 2 *

Frm r~ 0W. foot

29,019

llx x.35ZO 4M5 C X 1a* d ------ -- -- -- ----- -- ------ N
Fm rf 0M fee

6-27.01 1ag195 N."t24 7-

exFEIA iiu= l



lelution of dMa.. (32) ... rou. h (3.4 .

U' s, amppt iry graphs In ••talculatioe for Kill frobabilities of 30 to 73O2

Omz Wchodiaa 1 dated 26 October 1953.

_btainq.-

tr f,.eetOot. 40 -1.0.68 76.*3

o5.% (n,360) 9 a .O0 tot. P, a ." lZt.

£ -7.29 n10) q w.09 tst. ?as.52et. *

For t r. 30A• rs -14.64

so" u.75 (36 0.•o •,, .x 0 .6 .732
o qa .09 .07 .08

2, - 3.8 ( -NIS qa .17 .16 .16 P, n .8,
o-.(n%) 90) qi- .30 .29 .29 pit a n

aot a afa a - a-a•m m aa ao a a a a ao a a m a4w a

49W m$Ofeet %k6 l 4.W10.26

C,. . '. .75 ---,.726
£ -5.132 (- 360) qa .AS .31 .-24 -.a86
2£0 .2,56 ( - 0) q4- .30 .30 .30 ?P .70
£, 01.283 (nu0) qa 1.s9 .1.7 le .8

0D

C r1fe9L C *.72

Cm .,70 4$ .- l
3 ca3.819 (a a360) qm .27 .26 .26a 7

zo :.9o (nelt) q a .1.3 .4.3 .4*3 P?1 a3.7
to - .955 (nsa9O) qun .63 .63 .63 P a .37

-ahe poin.jfts fau nutadde of the fa&±I' of Ox aims, kbt ane c*ps dble
wthj ripple fire ?jat 150 feet at the bottom of paW 6,# 'CaIla* &we ft.,r
1111 Probabilities dated 26 Octaobr 1953. ?her ao also co~an~fle with
tiw punuit can md fair Into PK a1Lo at ru-O.0

Rip-nvt No, 6-e'?s5
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In order to inwrstir gai the effect of at highebr rate of fire att lf-ng

r, let us assume T .50 -ecord iwitexd of 1.0 *noM in the cws1xeula.

ti Ona.

-r sc feet (S. l R. 641)

k339 lO(,O o?

=ii100

(See pae 6-U)

is Is ermntealy preportionni to R. Hence (S.. pape 6-03)

* 03,819x-~n.7

(B.pace 6-44)F

•r grp I w .3PP i 6
i*

ga-SbS e. - a --a- saj

.. lerly, &#*using a t.ring time of .8 second, all other cod-tions

n~stnir.s the sam*

4 1339 + a409 - iB,81.

aw w- - - - - - - - - - --- - ~ - - - ~ -

&InS T~~a Nort . 09-287-u L



SimilArly, jensuming a ftr2-.g time T 2.0 secondas

2= 4339 + 90,6Mk a %D234

u308.3

t m 3.8 x 161a.4k .4

C .72h

qm.37 P 6

Maeel it may be seen th~at for the fun complement of ammwiition, i-e.,

* rounds, fired ata future rane, of &9)0W fats, 1.0 second of tiring time i

about the optims rate In order to obtain the astwum kill probability.,

In order to obtain the optimum firing rate for .1 condimti on a

collision cowe# attack, a detailed study would be equired. At aWW rate,

it mayb **osen that a variable firing rIte is desirable dependixang omi

tines encountored.

.C aztasou of Prsms 6-2 and 6-f (ia• SdUIal followig) shes tiane

is Uttle to choose Wbetue the pursuit aid 450 offset co•lision counts

t a bmar. Appa•wetl.y ubta th kill pmr&beities an vft bLAc# tin

incrase" in target area with gscmtr is 2elat~vnIy udaiportat. Home~r, tin

mprmvd probability of fighter survivl wmM sit recomme attacking on

the bean aspect, particularly at ahorter rmangs At longer range, the probe-

bLui#y of fittear vurvival inczwafas urutr the specified combat coaditions.

Mmit aiuqda. ... in.ooutzal problem Any therefore Ie a detsa$.niag factor in select-

itg a pursut attack in that at&*.

- ..1,.W....
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T?? orguaraist of mslntenamo sand eras paUrts 'wy in the 11.14 is a

major problom in tto coniderattou of *wabt appliostioc of aw mm wat*n.

This is eVaspoiýfl tre o&f intnatie weapma of 20m sAd 4W#" estber. -%A-

oaga1ti of sabmatdc Mld opfr a., oaks putt oeWIodlr of atnr--g,

nint Am sa, d t uad 4

"wh cuaber of spans uec~ssnir to mafrts~n the qnnscieebsrm goto

aiagljjus by ,wnflnb'ft~ lnoos tolermfls ext tbn eiminAftion of ntilpncating

parft. rt Is qditt p"Sag"l that ULnbrrlis il msd zniUanusat aftir fixi

mut tUs &fl am1nnt of owumA t aft# tr o or bn* uistas, Musing Vtin

* ~~to be tue,# the onn2X ewpeadbab weigt woul4 be ou3Y L% blowe Uthe ths

in&tta elm. Cosb~ssj the rerawtAe of AM inrase CoMmji the hernia

.qae~te) U be eso lea. T)4.a is be*lawt to be of s4mw c

a ~ i Am t of Us high kfl probabilities acieved.

Amstta sappl is matbwr logistic pr2Ms -ntan tilt autmutt

wespes hifltw " fixing rates. Msd prablem is allewiattd toems oteat by

the nmwtoui tC storag vclw's Of the apeta aixtica fbi the

gm. ?Uis rftUotan may be at high as 30%Ytr CdZY~ft~dwS ammtia of

similar beLittie perfonsme.

usportZC. -1871
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